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Theraneiilic Agents _ 

Field of the invention 

The present invention relates to certain novel benzoic acid derivatives, to processes for 
preparing such compounds, to their utility in treating clinical conditions associated with 
insulin resistance, to methods for their therapeutic use and to pharmaceutical compositions 
containing them 

Background of the invention 

The Insulin Resistance Syndrome (IRS) including type 2 diabetes mellitus, which refers to 
a cluster of manifestations including insulin resistance with accon5>anying 
hyperinsulinaemia, possible type 2 diabetes mellitus, arterial hypertmsion, central 
(visceral) obesity, dyslipidaemia observed as deranged lipoprotein levels typically 
characterised by elevated VLDL (very low density Upoproteins), snaaU dense LDL 
particles and reduced HDL (high density lipoproteia) concentrations and reduced 
fibrinolysis. 

Recent epidemiological research has documented that iadividuals with iosulin resistance 
run a greatly kicreased risk of cardiovascular morbidity and mortality, notably suffering 
from myocardial infarction and stroke. In type 2 diabetes mellitus atherosclerosis related 
conditions cause up to 80% of all deaths. 

In clioical noedicine there is awareness of the need to increase the insulin sensitivity in IRS 
suffering patients and thus to correct the dysUpidaemia which is cotisidered to cause the 
accelerated progress of atherosclerosis. However, currently this is not a universally well 
defined disease. 



The S-mantiomer of the con^jound of formula C bebw 
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C 

2-ethoxy-3-[4-(2-{4-methanesulfonyloxyphenyl}ethoxy)phenyl]propanoic acid, is 
disclosed in PCT Publication Number W099/62872. This compound is reported to be a 
modulator of peroxisome proliferator-activated receptors (PPAR, for a review of the 
PPARs see T. M.Willsou et al , J Med Chem 2000, Vol 43, 527) and has combined 
PPARo/PPARy agonist activity (Structure, 2001, Vol 9, 699, P. Cronet et al). This 
compound is effective in treating conditions associated with insulin resistance. 

Surprisingly a series of compounds has now been found which are selective PPARa 
modulators. 

Description of the invention 

The present invention provides a conqiound of formula I 




CO^H 

I 



wherein n is 0, 1 or 2; 

represents halo, a CMalkyl group which is optionally substituted by one or more 
fluoro, a CMalkoxy groiq) which is optionally substituted by one or more fhioro and 
wherein when n is 2 the substituents naay be the sanae or difpM*ent; 
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represents an unbranched C2.7aBcyl group; 
represents H or OCH3; and 
W represents O or S 

and phannaceutically acceptable salts and prodrugs thereof. 

Further values of R\ R^, R^ and W in compounds of Formula I now follow. It will be 
understood that such values may be used with any of the definitions, claims or 
enabodiments defined hereinbefore or hereinafter. 

hi a first aspect R^ is halo, a d^alkyl group or a Ci^alkoxy group and n is 0, 1 or 2. 
Particularly is fluoro,chloro or trifluoromethyl when n is 1. Particularly R^ is fluoro 
when n is 2. 

Li a second aspect R^ represents ethyl or hexyL 
In a third aspect R^ represents H. 
In a fourth aspect R^ represents OMe. 
In a fifth aspect W represents O. 
In a sixth aspect W represents S. 

The tennunbranched C^alkyl denotes a straight-chain, saturated aliphatic hydrocarbon 
having bom 2 to 7 carbon atoms. Examples of said alkyl include ethyl, n-propyl, n-butyl, 
n- pentyl, n-hexyl and n- heptyL 

It will be understood by those skilled in the art that the tenn interrupted as used above 
means that the oxygen atom is situated withm the alkyl chain and is not the terminal atom 
The term '^prodrug " as used in this specification includes dmvatives of the cafboxylic acid 
group which are converted in a mammal, particularly a human, into the carboxylic acid 
group or a salt or conjugate th^eof . It should be understood that, whilst not being bound 
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by theoiy, it is believed that most of the activity associated with the prodrugs arises from 
the activity of the corrpound of fbniBila I into which the prodrugs are converted. Prodrugs 
can be prepared by routine methodology well within tlie capabilities of someone skilled in 
the art Various prodrugs of carboxy are Icnown iu the art Fbr exanples of such prodrug 
derivatives, see: 

a) Design of Prodrugs, edited by H. Bundgaard, (Elsevier, 1985) and Methods in 
Enzymology. 42: 309-396, edited by K Widder, etal, (Academic Press, 1985); 

b) A Textbook of Drug Design and Development, edited by Krogsgaard-Larsen and 
H. Bundgaard, Chapter 5 *T)esign and Application of Prodrugs", by H. Bundgaard 
p.ll3-191(1991); 

c) H. Bundgaard, Advanced Drug Delivery Reviews, 8: 1-38 (1992); 

d) H. Bundgaard, et a/.. Journal of Pharmaceutical Sciences, 77:285 (1988); and 

e) N. Kakeya, et al, ChemPharm Bull, 32:692 (1984). 
The above docunaents a to e are herein iucorporated by reference. 

In vivo cleavable esters are jiist one type of prodrug of the parait molecule. 

The compounds of formula I have activity as medicaments, in particular the con5X)unds of 
formula I are selective agonists of PPARa, that is, their EC50 for PPARa is at least four 
times lower and preferably at least 10 or 50 times lower than their respective ECsofor 
PPARy wherein the EC50S are roeasured and calculated as described in the assays later in 
this document. The compoimds of formula I are potent and selective. 

The present invention provides a con^poimd selected ftom: 

2-[2-(4- {2-[ethyl(2-fluorobenzyl)ammo] -2-oxoefhoxy }phenyl)ethoxy]benzoic acid; 

2-[2-(4-{2-[^,4-difluorobenzyl)(heptyl)amiDD]-2-oxoethoxy}-3-methoxyphenyl)- 

ethoxy]benzoic acid; 

2-[2-(4- {2-[(4-chbroben2yl)(efliyl)amino]-2-oxoethoxy }phenyI)efliylthio]ben2oic acid; 

2-[2-(4-{2-[(4-chlorobenzyl)(ethyl)amino]-2-oxoethDxy}phenyl)ethoxy]benzoicacid^ 

2-[2-(4-{2-[ethyl(4-trifluoroinethyIben2yl)amino]-2-oxoethoxy}phenyl)ethoxy]b 
acid ; 

2-[2-(4-{2-[ethyl(4-trifluon)methylben2yl)aminD]-2-oxoethDxy}phenyl)ethylthi^ 
acid ; 
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2- { 2-[4-(2- {butyl[2-fluoro-4-(trifliiorome%l)benzyl]anmo } 
etlioxy)benzoic acid; 

2-[2-(4-{2-[(2,4-difluoroben2yl)(propyl)aiiiino]-2-oxoethoxy}ph^ 
2-[2-(4-{2-[ben2yl(ethyl)ammo]-2-oxoethoxy}phenyl)e&^ 
2-{[2-(4-{2-|>e3izyl(e%l)ammo]-2-oxoethoxy}phenyl)ethyg acid; 
2-[2-(4-{2-[(4-terr-butylbenzyl)(ethyl)amiiio]-2-oxoe^ 

2-[2-(4-{2-[ethyl(4-fluorobeiizyl)ammo]-2-oxoethoxy}phen^ acid; 
2-{[2-(4-{2-[et3iyl(2-fluorobeii2yl)ainino]-2-oxoeth^ acid; or 

2-{[2-(4-{2-[(2-cWorobeiiz;yl)(ethyl)anuno]-2-oxoethoxy}pl)B^ 
and phaimaceutically acceptable salts thereof. 

Particularly the coinpound is selected from 

2-[2-(4-{2-[ethy](2-fluorobeiizyl)aiDino]-2-oxoefhoxy}phenyl)etl^ acid; 
2-[2-(4-{2-[(4-cMorobenzyl)(ethyl)ainino]-2-oxoethDxy}phenyl)e^^^ 
2-[2-(4-{2-[(2,4-difluoiobenzyl)(propy^)ai3Qino]-2-oxoethoxy}phen^ 
2-[2-(4-{2-[>enzyl(e%l)ainiiio]-2-oxoethoxy}plieiiyl)ethoxy]beii20ic acid; or 
2-[2-(4- {24ethyl(4-fluorobeii2yl)amiiio]-2-oxoethoxy }phenyl)eth^ acid; 

It will also be understood that certain conq^ounds of the present invention may exist in 
solvated, as well as unsolvated forms. It is to be understood that the present invention 
encon5)asses all such solvated forms. Certain compounds of the present ravention may 
exist as tautomers. It is to be understood that the present invention encon5)asses aU such 
tautomers. 

Throughout the specification and the appended claims, a given chemical formula or name 
shall encon^jass all stereo and optical isomers and racemates thereof as well as mixtures in 
different proportions of tihe separate enantiomers, where such isomers and enantiomers 
exist, as well as pharmaceutically acceptable salts thereof. Isonaers may be separated using 
conventional techniques, e.g. chromatography or fractional crystallisatioa The 
mantiomers may be isolated by separation of racemate for exanqale by fractional 
crystallisation, resolution or HPLC. The diastereomers may be isolated by separation of 
isomer mixtures for instance by fractional crystallisation, HPLC or flash chromatography. 
Alternatively the stereoisomers may be made by chiral synthesis from chiral starting 
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materials under conditions which will not cause racemisation or epimerisation, or by 
derivatisation, with a chiral reagent. All stereoisomers are iucluded within the scope of the 
invention. 

Methods of preparation 

The con5)ounds of the iavention may he prepared as outliaed below. However, the 
invention is not limited to these methods, the confounds may also be prepared as 
described for structurally related conqx}uads in the prior art The reactions can be carried 
out according to standard procedures or as described in the experimental section. 

Con5)ounds of fonnula I may be prepared by reacting a confound of formula II 




II 

in which R^, Wand n are as previously defined and PG rq>resents a protectnig 

groiq) for a carboxylic hydroxy group as described in the standard text "Protective Groups 
in Organic Synthesis", 2^ Edition (1991) by Greene and Wuts, with a de-protecting agent 
The protecting group may also be a resin, such as Wang resin or 2-chlorotrityl chloride 
resin. Protecting groups may be removed ia accordance to techniques which are well 
known to those sldUed ia the art. One such protecting group is where PG represQits Ci- 
ealkoxy group or an arylalkoxy group eg benzyl, such that COPG represents an ester. 
Such esters can be reacted with a hydrolysing agent, for exanple lithium hydroxide ia the 
presCTice of a solvent for exan5>le a mixture ofTHF and wat^ or potassium hydroxide in 
a Ci^ alcohol for exan5)le methanol , at a tcn?)erature in the range of 0-200®C or by 
microwave radiation to give con5)ounds of formula 1. 
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Compounds of formula II may be prepared by reacting a confound of formula HI 




III 

or a salt thereof, for example a hydrochloride salt, in which R\ and n are as previously 
defined with a con^^ound of formula IV 




COPG 

IV 



or the acid chloride thereof in which , W and PG are as previously defined in an inert 
solvent, for exanple dichloromethane, optionally in the presence of a coupliug agent, for 
example 4-dimBthylaminopyridine or l-ethyl-3-(3~dimethylaminopropyl)carbodiinaide 
hydrochloride, at a ten^rature in the range of -25°C to 150°C. 

Con5)Ounds of formula n may also be prepared by reacting a conpound of formula V 




COPG 
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in which. PG is as previously defined with a compound of formula VI 




VI 

in which R\ R^, R^,W and n are as previously defined and L represents a leaving group, 
for example methylsulphonyloxy or hab, e.g. bromo, optionally in the presence of solvent, 
for example acetonitrilie, and optionally in the presence of a base, for exanyle potassium 
carbonate, at a teDqjerature in the range of 0 to 150**C. 

Con5)ounds of formula HI , IV, V and VI may be prepared by methods described in the 
Examples or by anabgous methods known to those skilled in the art 

Con^jounds of formula H, HI , IV and V are useful intermediates in the preparation of 
coii5)Ounds of formula 1. Certain of these conqjounds are believed to be novel. Novel 
conqjounds of formula II, or fbraoula III, or formula IV or formula V are herein claimed as 
a further aspect of the present invention. 

The coirq)ounds of the invention may be isolated from their reaction mixtures using 
conventional techniques. 

Persons skilled in the art will appreciate that, in order to obtain coii5)ounds of the invention 
in an alternative and iu some occasions, more convenient mamier, the individual process 
steps mentioned hwreinbefbre may be performed in different order, and/or the individual 
reactions may be performed at different stage in the overall route (ie. chemical 
transformations may be performed iqjon different intermediates to those associated 
bareinbefbre with a particular reaction). 
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la any of the preceding methods of preparation, where necessary, hydroxy, amino or other 
reactive groups may be protected using a protecting group, as described in the standard 
text "Protective groups in Organic Synthesis", 2^^ Edition (1991) by Greene and Wuts. 
The protecting group may also be a resia, such as Wang resia or 2-chlorotrityl chloride 
resin. The protection and deprotection of functional groups may take place before or after 
any of the reaction steps described hererubefore. Protectiug groups may be removed in 
accordance to techniques which are weU known to those skilled in the art. 

The expression "inert solvent" refers to a solvent which does not react with the starting 
materials, reagents, intermediates or products in a manner which adversely affects the yield 
of the desired product. 

Pharmaceutical preparations 

The con5>ounds of the invention will normally be administered via the oral, parenteral, 
intravenous, intramuscular, subcutaneous or in other injectable ways, buccal, rectal, 
vaginal, transdermal and/or nasal route and/or via inhalation, in the form of pharmaceutical 
preparations con^rising the active ingredient either as a free acid, or a pharmaceutically 
acceptable salt, in a pharmaceutically acceptable dosage form Depending upon the 
disorder and patient to be treated and tbe route of administration, the compositions may be 
administered at varying doses. 

Suitable daily doses of the confounds of the invention in therapeutical treatment of 
humans are about 0.0001-100 nqg/kg body weight, preferably 0.001-10 mg/kg body 
weight 



Oral formulations are preferred particularly tablets or capsules which noay be formulated 
by methods known to those skilled in the art to provide doses of the active confound in 
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the range of O.Sing to SOOxng for exanq>le 1 mg. 3 mg, 5 mg. 10 tog, 25ing, 50mg, lOOmg 
and 25QiDg. 

According to a further aspect of the invention there is thus provided a pharmaceutical 
formulation including any of the conpounds of the invention, or pharmaceutically 
acceptable salt thereof, in adnoixture with pharmaceutically acceptable adjuvants, diluents 
aud/or carriers. 

Pharmacological properties 

The present conopounds of formula (I) are useful for the prophylaxis and/or treatnaent of 
clinical conditions associated with inherent or induced reduced s^itivlty to insulin 
(insulin resistance) and associated metabolic disorders (also Icnown as metabolic 
syndrome). These clinical conditions will include, but will not be limited to, general 
obesity, abdominal ohesity, arterial hypertension, hyperinsulinaemia, hyperglycaemia, type 
2 diabetes and the dyslipidaemia cliaracteristically appearing with insulin resistance. This 
dyslipidaemia, also known as the atherogenic lipoprotein profile, is characterised by 
moderately elevated non-esterified fatty acids, elevated very taw density lipoprotein 
(VLDL) triglyc^ide rich particles, high Apo B levels, low high density lipoprotein (HDL) 
levels associated with low apoAI particle levels and high Apo B levels in the presence of 
small, dense, low density lipoproteins (LDL) particles, phenotype B. 

The con[5)ounds of the present invention are ejected to be useful in treating patients with 
combined or mixed hyperlipidemias or various degrees of hypertriglyceridemias and 
postprandial dyslipidemia with or without other manifestations of the metabolic syndrome* 

Treatment with the present conpounds is expected to bwer the cardiovascular morbidity 
and mortality associated with atherosclerosis due to their antidyslipidaemic as well as 
antiinflammatory properties. The cardiovascular disease conditions include macro- 
angiopathies of various internal organs causing myocardial infarction, congestive heart 
failure, cerebrovascular disease and peripheral arterial insufficiency of the lower 
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extremities. Because of their insulin sensitizing effect the conq)ounds of formula I are also 
expected to prevent or delay the development of type 2 diabetes from the metabolic 
syndronae and diabetes of pregnancy. Therefore the development of long-term 
conoplicadons associated with chronic hyperglycaemia in diabetes mellitus such as the 
micro-angiopathies causing r^al disease, retinal danoage and peripheral vascular disease 
of the lower limbs are expected to be delayed. Furthermore the confounds may be useful 
in treatment of various conditions outside the cardiovascular system whether or not 
associated with insulin resistance, like polycystic ovarian syndrome, obesity, cancer and 
states of inflammatory disease including neurodegenerative disorders such as mild 
cognitive inq)airment, Alzheimer's disease, Parkinson's disease and multiple sclerosis. 

The compounds of the present invention are expected to be useful in controlling glucose 
levels in patients suffering from type 2 diabetes. 

The present iuvention provides a method of treating or preventing dyslipidemias, the 
insuliu resistance syndrome and/or metaboHc disorders (as defined above) coicprising the 
adnoinistration of a con^wund of fonnula I to a mammal (particularly a human) in need 
thereof. 

The present invention provides a method of treating or preventing type 2 diabetes 
con5)rising the administration of an effective amount of a corr^jound of formula I to a 
mammal (particularly a human) in need thereof. 

Bi a furth^ aspect the preset invention provides the \ise of a con^und of formula I as a 
medicament. 

In a further aspect the present invention provides the use of a compound of fonnula I in the 
manufacture of a noedicament for the treatment of insulin resistance and/or metabolic 
disorders. 



CombmationTherapv 
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The corrpounds of the invention may be combined wifli anofher therapeutic agent that is 
useful in the treatment of disorders associated with the devetopment and progress of 
atherosclerosis such as hypertension, hyperlipidaemias, dyslipidaemias, diabetes and 
obesity. The conq)ounds of the invention may be combined with another therapeutic agent 
that decreases the ratio of LDLrHDL or an agent that causes a decrease in circulating levels 
of LDL-cholesteroL la patients wifli diabetes mellitus the conopounds of the mventton may 
also be combined with therapeutic agents used to treat conplicatbns related to micro- 
angiopathies. 

The compounds of the invention may be used alongside otha: therapies for the treatment of 
metabolic syndrome or type 2 diabetes and its associated conplications, these include 
biguanide drugs, for example metformio, phenformin and buformin, insulin (synthetic 
insulin analogues, amylin) and oral antihyperglycemics (these are divided iato prandial 
glucose regulators and alpha-glucosidase inhibitors). An example of an alpha-glucosidase 
inhibitor is acarbose or voglibose or miglitoL An example of a prandial glucose regulator is 
repaglinide or nateglinide. 

In another aspect of the invention, the compound of fonnula I, or a pharmaceutically 
acceptable salt, solvate, solvate of such a salt or a prodrug (hereof, may be administered in 
association with another PPAR modulating agent PPAR modulating agents include but are* 
not limited to a PPAR alpha and/or gamma and /or delta agonist, or pharmaceutically 
acceptable salts, solvates, solvates of such salts or prodrugs thereof. Suitable PPAR alpha 
and/or gamma agonists, pharmaceutically accq)table salts, solvates, solvates of such salts 
or prodrugs thereof are well known in the art These include the con5)ounds described in 
WO 01/12187, WO 01/12612, WO 99/62870, WO 99/62872, WO 99/62871, WO 
98/57941, WO 01/40170, J Med Chem, 1996, 39, 665, Expot Opinion on Therapeutic 
Patents, 10 (5), 623-634 (in particular the conqjounds described in the patent applications 
listed on page 634) and J Med Chem, 2000, 43, 527 which are all incorporated herem by 
reference. Particularly a PPAR alpha and/or gamma agonist refers to BMS 298585, 
clofibrate, fenofihrate, bezafibrate, gemfibrozil and ciprofihrate; GW9578, pioglitazone, 
rosiglitazone, rivoglitazone, balaglitazone, KRP-297, JTT-501, SB 213068, GW 1929, 
GW 7845, GW 0207, L-796449, L-165041 and GW 2433. Particularly a PPAR alpha 
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and/or gamma agonist refers to (S)-2-ethoxy-3-[4-(2-{4-it]ethanesulphonyloxy- 
pheiiyl}ethoxy)phenyI}piopaBoic acid and pharmaceutically acceptable salts thereof. 

In addition the combination of the mvention may be used in conjimction with a 
sulfonylurea for example: glimepiride, glibenclamide (glyburide), gliclazide, glipizide, 
gliquidone, chloropropamide, tolbutamide, acetohexamide, gjycopyramide, carbutamide, 
glibonuride, glisoxepid, glybuthiazole, glibuzole, glyhexamide, glymidine, glypinarnide, 
phenbutamide, tolcylamide and tolazamide. Preferably ^the sulfonylurea is glimepiride or 
glibenclamide (glyburide). More preferably the sulfonylurea is glimepiride. Therefore the 
present invention includes adnainistration of a conqiound of the present invention in 
conjunction with one, two or npre existing therapies described in this paragraph The 
doses of the other existing therapies for the treatment of type 2 diabetes and its associated 
con5)lications will be those known in the art and approved for use by regulatory bodies for 
example the EDA and may be found in the Orange Book pubhshed by the FDA 
Alternatively smaller doses may be used as a result of the benefits derived from the 
combination-The present invention also includes a conqjound of the present invention in 
combination with a cholesterol-lowering agent. The cholesterol-lowering agents referred to 
in this application include but are not limited to inhibitors of HMG-CoA reductase (3- 
hydroxy-3-methylglutaryl coenzyme A reductase). Suitably the HMG-CoA reductase 
inhibitor is a statin selected fix>m the group consisting of atorvastatin, bervastatm, 
cerivastatin, dalvastatin, fluvastatin, itavastatin, bvastatin, mevastatin, nicostatin, 
nivastatin, pravastatin and simvastatin, or a pharmaceutically acceptable salt, especially 
sodium or calcium, or a solvate thereof, or a solvate of such a salt A particular statin is 
atorvastatin, or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a 
prodrug th^eof. A noore particular statin is atorvastatin calciimi salt. A particularly 
preferred statin is, however, a compound with the chemical name (E)-7-[4-(4- 
fluorophenyl)-6-isopropyl-2-[methyl(methylsulfonyl)-an±iD]-pyri^ 
dihydroxyhept-6-enoic acid, [also known as (E)-7-[4-(4-fluorophfiny5-6-isopropyl-2-[jV^ 
methyl-i\^(inBthylsulfonyl)-anadno]pyrinddin-5-yl](3R,5S)-3^^ acid 
] or a pharmaceutically acceptable salt or solvate thereof, or a solvate bf such a salt The 
con5)oxmd(E)-77[4-(4-fluorophenyl)-6-isopiopyl-2-[methyl-(methylsu^ 
pyrioiidin-5-yl](3R,5S)-3,5-dihydroxyliept-6-enoic acid, and its calcium and sodium salts 
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are disclosed in European Patent Application, Publication No. EP-A-0521471, and in 
Bioorganic and Medicinal Chemistry, (1997), 5(2), 437-444. This latter statin is now 
known under its generic name rosuvastatin. 

In the present application, the term "cholesterol-lowering agent" also includes chemical 
modifications of the HMG-CoA reductase inhibitors, such as esters, prodrugs and 
metabolites, whether active or inactive. 

The present invention also includes a compound of the present invention in combination 
with a bile acid sequestering agent, for exaiqple colestipol or cholestyramine or 
cholestageL 

The present iavention also includes a compound of the present invention in combination 
with an inhibitor of the ileal bile acid transport system (IB AT nihibitor). 

Suitable confounds possessing IB AT inhibitory activity have been described, see for 
instance the confounds described in WO 93/16055, WO 94/18183, WO 94/18184, WO 
94/24087, WO 96/05188, WO 96/08484, WO 96/16051, WO 97/33882, WO98/07749, 
WO 98/38182, WO 98/40375, WO 98/56757, WO 99/32478, WO 99/35135, WO 
99/64409, WO 99/64410, WO 00/01687, WO 00/20392, WO 00/20393, WO 00/20410, 
WO 00/20437, WO 01/34570, WO 00/35889, WO 00/47568, WO OQ/61568, WO 
01/68637, WO 01/68096, WO 02/08211, WO 00/38725, WO 00/38726, WO 00/38727, 
WO 00/38728, WO 00^8729, DB 19825804, IP 10072371, US 5070103, BP 251 315. BP 
417 725, BP 489 423, BP 549 967, EP 573 848, BP 624 593, BP 624 594, BP 624 595, BP 
869 121, EP 864 582, and BP 1 070 703, and the contents of these patent applications, 
particularly the conq}ounds described in claim 1 and the named examples, are incorporated 
herein by reference. 

Particular classes of IBAT inhibitors suitable for use in the present invention are 
benzothiepines, and the compounds described in the claims, particularly claim 1, of WO 
00/01687, WO 96/08484 and WO 97/33882 are incorporated herein by reference. Other 
suitable classes of IBAT inhibitors are the 1,2-benzothiazepines, 1,4-benzothiazepines and 



wo 2004/000294 



15 



PCT/GB2003/002591 



l,5-ben20thiazepmes. A ftirtber suitable class of IB AT inhibitors is the 1,2,5- 
benzothiadiazepines. 

Oae particular suitable conpomid possessing IBAT inhibitoiy activity is (3i2,5jR)-3-butyl" 

3- ethyl-l,l-dioxido-5-phenyl-2,3,4,54etrahydix)-l,4-benzothia2©pin-8-ylp^^ 
glucopyranosiduronic acid (EP 864 582). Other suitable IBAT inhibitors include one of: 
14-dioxo-33-dibutyl-5-phenyl-7-inethyltMo-8-(//-{(R)-l'-pte^^ 
carbainoyl]methyl}carbainDylinethoxy>2,3,4,5-tetrahyto 
l,l-dioxo-33-dibutyl-5-phenyl-7-inethyllhio-8-(iV'-{(Jl)-ocr[^^^ 

(carboxyiBethyl)carbaiiK)yl]-4-hydroxybenzyl}carbaQ3oyhiieth^ 
benzo thiazep iae ; 

1, l-dioxo-3,3-dibutyl-5-pbenyl-7-iiiethylthio-8-(A^-{ (R)-r-plienyl- 1 '-[iV'-(2- 

sii]phoethyl)carbaimyl]methyl}carbamDy]niethpxy)-2,3,4,^^ 

benzo thiazepine; 

l,l-dioxo-3-butyl-3-ethyl-5-phenyl-7-methyltMo-8-(iV-{(Jl)4'-phenyl-l'-^ 
sulplioethyl)carbaHK)yl]me%l}carbainoylmethoxy)-23,4,5-tetr^^ 
benzo thiazepine; 

14-dioxo-33-dibutyl-5-phenyl-7-methyltMo-8~(iV-{(R)-a-[A^'-(2-sulphoe^^^ 

4- hydroxybenzyl}carban}oylmethDxy)-23,4,5-tetrahydro-l,5-benzothi^ 

l,l-dioxo-3-butyl-3-ethyl-5-phenyl-7-methyltMo-8-(iV-{(R).a-[iV'-^ 

carbanK)yl]-4-hydroxybenzyl)carbamoylmethDxy)-23,43-teU*ahydro-l,^ 

1, l-dioxo-3-butyl-3-ethyl-5-phenyl'7-methylthio-8-(Ar- { (R)-a-[A^'-(2- 

carboxye%l)carbanioyl]benzyl}carbainDyhnethoxy)-2,3.4,5-tetrahydro-l,5 
benzothiazepine; 

l,l-dioxo-33-dibutyl-5-phenyl-7-niethyltMo-8-(7/-{(ll)-a-[i^-(2- 

carboxyethyl)carbanioyl]-4-hydroxybenzyl}carbamoyhnethoxy)-2,3,4,5-tett^ 
benzothiazepine; 

l,l-dioxo-3-butyl-3-ethyl-5-phenyl-7-methyItMo-8-(A^-{(R)-a-[^^^ 
carba3noyl]benzyl}carbmoyhiielhoxy)-23,4,5-tetrahydro-l,5-benzotMazepm^ 
l,l-dioxo-3,3-dibutyl-5-phenyl-7-naethyltMo-8-(iV'-{(R)-a-[i\r'-(^ 
benzyl}carbainDylmethoxy)-23,4,5-tetrahydro-l,5-benzothiazepine; 
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14-dioxo-33-dibutyl-5-phenyl-7-me%lthio-8-(i\r-^ 

fluorobQa2yl}carbamoyl3mthoxy)-23,4,5-tetrahydro-l,5-tenzoa^ 

l,l-dioxo-3-butyl-3"e%l-5-phfinyl-7-n3fi%lthio-8-(i^^ 

carboxyethyl)carbaniDyl]benzyl}carbainoylii!etiioxy)-23,4,^^^ 
benzothiazepine; 

1, l-dioxo-3,3-dibutyl-5-phenyl-7-metiiyltiib-8-(iV'- ^ 1- 

carboxyeliiyl)carbaiiiDygbeii2yl}carbanioyliiiethoxy)-23,4,^^^ 
benzothiazepine; 

14-dioxo-3,3-dibutyl-5-phenyl-7-methyltluo-8-{iV'-[C^^ 

l-carboxyethy])carbamoyl]-2-hydroxyethyl}carbanK>yl)benzyl]cw^ 

2,3,4,5-tetrahydro-l,5-benzodiiazepine; 

14-dioxo-3-butyl-3-e%l-5"phenyl-7-ine%lthio-8-(//-{a-[^^^ 

beiizyl}carbaiiioylmethoxy)-23A5-tetrahydro4,5-beiizot^^ 

14-dioxo-3-butyl-3-e%l-5-phenyl-7-methylthio-8-(iV-{a-[^^^ 

((edioxy)(met]iyl)phosphoryl-inethyl)carbamDyl]bea^ 

tetrahydro- 1 ,5-beiizo thiazepine; 

1 4-dioxo-3-butyl-3-e%l-5-phenyl-7-methylthio-8-{i^4(R)-a-^^^^ 
[(hydroxy)(niethyl)pbpsphoryl]e%l}carbaiiK)yl)beiizyl]c^ 
tetrahydro- 1 ,5-beiizothiazepiQe; 

l,l-dioxo-33-dibutyl-5-phenyl-7-me%lthio-8<iV^{(R)-a-[iV^^^ 

carboxyethyl)carbanioyl]benzyl}carbanx)ylinethDxy)-2,3,4,5^ 
benzo thiazepine; 

lJ-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-{iV-[(R)-a-(i\r'-^ 

phDsphoryl]e%l}carbamoyl)-4-hydroxybenzyl]carbamDyli^ 
1 ,5-benzo thiazepine; 

ia-dioxo-33-dibutyl.5-phenyl-7-methyltMo-8-{N4ai)-a-(iV^-^ 

phosphoryl]ethyl}carban3oy])^bydraxybenzyl]carbamDyto 
1 ,5-benzothiazepiiie; 

l,l-dioxo-33-dibutyl-5-phenyl-7-inethyltWo-8-(iV^{(R)-a-[(^^ 

carboxyethyl)carbainoyl]ben2yl}carbamDylinetiioxy)-23,4,54ett^ 
benzothiazepine; 
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14-dioxo-3,3-dibutyl-5-phenyl-7-meliioxy-8-[iV'-{(5l)-^ 

hydroxybeiizyl}carbainDylmethoxy]-23A5-tetrah^ 

l,l-dioxo-3,3-dflmtyl-5-phenyl-7-methyltMo-8-(iV^{^^ 

metiiylthio-ethyl)carbainDyl]-4-hydroxybeii^^ 

l,2,5-benzotbiadia2epine; 

l,l-dioxo-3,3-diT?utyl-5-phenyl-7-mefliyltWo-8-(i^^ 

hydroxypropyl)carbai3aoyl]-4-hydroxybenzyl}carbaim 

1,2,5-benzoHdadiazepine; 

14"<iioxo-3,3-dibutyl-5-phenyl-7-inethylfluo-8-(i^^ 

iiie%lpropyl)carbamoyl]-4-hydroxybeiizyl}carbain^ 

benzothiadiazepine; 

14-dioxo-33-dibutyl-5-phenyl-7-ine%ltMo-8-(iV'-{(R)-^ 

carbanioyl]-4-hydroxybemyl}carbamDylinethDxy)-23A5-te^ 
benzothiadiazepine; 

l,l-dioxo-33-dibutyl-5-phenyl-7-methyltMo-8-(iSr"{(R)-a-[A^^^^ 

carbaiiiDyl]berizyl}carbamoylrQethoxy)-23,4,5-telr^ 

l,l-dioxo-33-dibutyl-5-phenyl-7-inethyltiiio-8-(iV-{(R)-a-[^^ 

carbamoyl]berizyl}carbamoyliiiethoxy)-23A5-tetirfiydro-l,2 

14-dioxo-33-dibutyl-5-phenyl-7-metiiyltJuo-8-(iV^{(^^ 

hydroxypropyl)carbairiDyl]beiizyl}carbaimylniethDxy)-2 

benzotiiiadiazepiiie; 

ia-dioxo-33-dibmyl-5'phenyl-7-inethyltMo-8-(iV'-{(R)-a-[Ar^^ 

4-hydroxybeiizyl}carbamoylmethDxy)-23>4,5-tetrahydro-l,2,5-ben^ 

ia-dioxo-33-diTDutyl-5-phenyl-7-methylthio-8-(Ar.{(R> 

carboxyethyl)carbamoyl]-4«hydroxybenzyl}carban3Dy]n^ 
benzothiadiazepine; 

1 J-dioxo-33-dibutyl-5-phenyl-7-me%ltMo-8-(iV^ {(R)-a-[A^<^^ 

inethyltMoethyl)carba3i]oyl]benzyl}carbamDylmetto 

benzothiadiazepiae; 



wo 2004/000294 



18 



PCT/GB2003/002591 



ia-dioxo-33-dibutyl-5-plienyl-7-methyltMo-8-(iV^{CR)-ar[^^ 

carboxyethyl)carbamoyl]propyl}carbamoyl]ben2yl}carbaiio 

tetrahydro-l,2,5-beiizotliiadia2epine; 

ia-dioxo-33-dibutyl-5-phenyl-7-melhyltMo-8-(N-{(R)-a-^ 

metbylpropyl)carbaniDyl]beBzyl}carbaiiioylmet^ 

beBZOthiadiazepine; 

l,l-Dioxo-33-dibiityl-5-phenyl-7-niethylthiD-8KW^{^^ 
carbanioyl]-4-hydroxybeiizyl}carbainoylinethoxy)-2,3^ 1,2,5- 

benzotMadiazepine; 

l,l-Dioxo-3,3-dibutyl-5-phenyl-7-methyltWo-8-[^^ 
(3,4-dihydroxypheny])prop-2-y]]carbamoyl}-4-liydroxy 
2,3,4,5-tetrahydro-l ,2,5-ben20thiadiazepine; 

l,l-Dioxo-3,3-dibutyl-5-phenyl-7-methyltMo-8-(iV^^ . 

2,3,4,5,6-pentahydroxyhexyl)carbamoyl]-4-hydroxybenzyl}carbar^ 

tetrabydro- 1,2,5-benzotiiiadiazepiiie; and 

l,l-Dioxo-3,3-dautyl-5-plienyl-7-mB%ltMo-8<iV-{(R^ 

2,3A5,6-petttahydroxyliexy])carbaiDDyl]benzyl}carbaiiiDyb^ 

1,2,5-bQizothiadiazepme; 

or a phannaceutically acceptable salt, solvate, solvate of such a salt or a prodrug fliereof. 

According to an additional further aspect of the present invention there is provided a 
combination treatment conprising the administration of an effective amount of a 
con?)oiind of the formula I, or a pbarmaceutically acceptable salt, solvate, solvate of such a 
salt or a prodrug thereof, optionally together with a phannaceutically acceptable diluent or 
carrier, with the simultaneous, sequential or separate administration one or more of the 
following agents selected fronx 

a CETP (cholesteryl ester transfer protein) inhibitor, for exaii5)le those referenced and 
described in WO 00/38725 page 7 line 22 - page 10, line 17 which are incorporated herein 
by reference; 

a cholesterol absorption antagonist for o%sanp\& azetidinones such as SCH 58235 and those 
described in US 5,767,1 15 which are incorporated herein by reference; 
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a MTP (microsomal transfer proteia) iiihibitor for example those described in Science, 282, 
751-54, 1998 whicli are incorporated hexein by reference; 

a nicotinic acid derivative, including slow release and combination products, for example, 
nicotioic acid (niacin), acipimox and niceritrol; 
a phytosterol con5)ound for exanple stanols; 
probucol; 

an anti-obesity compound for example orlistat (BP 129,748) and sibutramine (GB 

2,184,122 and US 4,929,629); 

an omega-3 fatty acid for exan^le Omacor™; 

an antihypertensive confound for example an angiotensin converting enzyme (ACE) 
inhibitor, an angiotensia n receptor antagonist, an andrenergic blocker, an alpha 
andrenergic bbcker, a beta andrenergic blocker for example metoprolol, a mbced 
alpha/beta andrenergic blocker, an andrenergic stimulant, calcium channel blocker, an AT- 
1 blocker, a saluretic, a diuretic or a vasodilator; 

a CBl antagonist or inverse agonist for example as described in WO0iy7.0700 and BP 
65635 ; 

aspirin; 

a Melanin concentrating hormone (MOE^ antagonist; 
a PDK inhibitor; or 

modulators of nuclear receptors for exanqjle LXR, FXR, RXR, and RORalpha; 
or a phannaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof, 
optionally together with a phaimaceutically acceptable diluent or carrier to a warmr 
blooded animal, such as man in need of such therapeutic treatment. 

Particular ACE inhibitors or phannaceutically acceptable salts, solvates, solvate of such 
salts or a prodrugs thereof, including active metabolites, which can be used in combination 
with a conpound of formula I include but are not limited to, the following con[5)Ounds: 
alacepril, aktriopril, altiopril calcium, ancovenin, benazepril, benazepril hydrochloride, 
benazeprilat, boizoylcaptopril, c^topril, captopril-cystehie, captopril-glutathione, 
ceranapril, ceranopril, ceronapril, cflazapril, cilazaprilat, delapril, delapril-diacid, enalapril, 
enalaprilat, enapril, epicaptoprfl, foroxymithine, fosfenopril, fosenopril, fosenopril sodium, 
fosinopril, fosinopril sodium, fosinoprilat, fosiaoprihc acid, glycopril, hemDrphin-4, 
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idrapril, imidapril, indolapril, iadolaprilat, libeBzaprfl, lisinopril, lyciumin A, lyciuminB, 
mixanpril, moexipril, moexiprilat, niDveltipril, muraceia A, rauracein B, muracein C, 
pentopril, perindopril, perindoprilat, pivalopril, pivopril, quinapril, quinapril hydrochloride, 
quinaprilat, ramipril, ramiprilat, spirapril, spirapril hydrochloride, spiraprilat, spiiopril, 
spiropril hydrochloride, temocapril, temocapril hydrocUoride, tepiotide, trandolapril, 
trandolaprilat, utibapril, zabicipril, zabiciprilat, zofenopril and zofenoprilat. Prefeired ACE 
inhibitors for use in the present invention are ramipril, ramiprilat, lisinopril, enalapril and 
enalaprilat. More preferred ACE inhibitors for uses in the present invention are ramipril 
and ramiprilat. 

Preferred angiotensin II antagonists, pharmaceutically accqjtable salts, solvates, solvate of 
such salts or a prodrugs thereof for use in combination with a con:5)ound of formula I 
include, but are not limited to, compounds: candesartan, candesartan cilexetil, losartan, 
valsartan, irbesartan, tasosartan, tehnisartan and eprosartan. Particularly preferred 
angiotensin n antagonists or pharmaceutically acceptable derivatives thereof for use in the 
present invention are candesartan and candesartan cilexetil 

Tberefore in an additional feature of the invention, there is provided a method for for the 
treatment of type 2 diabetes and its associated complications in a warmrblooded animal, 
such as man, in need of such treatment which comprises adicdnistering to said animal an 
effective amount of a compound of formula I, or a pharmaceutically acceptable salt, 
solvate, solvate of such a salt or a prodrug thereof in simultaneous, sequential or separate 
administration with an effective amount of one the other conopounds described in this 
combination section, or a pharmaceutically acceptable salt, solvate, solvate of such a salt 
or a prodrug thereof. 

Therefore m an additional feature of the mvention, there is provided a method of treating 
hyperUpidemic conditions in a warm-blooded animal, such as man, in need of such 
treatment which con5)rises administering to said animal an effective amount of a 
compound of formula I, or a pharmaceutically acceptable salt, solvate, solvate of such a 
salt or a prodrug thereof in simultaneous, sequential or separate adnainistration with an 
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efifective amDunt of one the other conipounds described in this combination section or a 
pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof. 

According to a further aspect of flbe invention there is provided a pharmaceutical 
composition which comprises a compound of formula I, or a pharmaceutically acceptable 
salt, solvate, solvate of such a salt or a prodrug ttiereof, and one of the other con?30unds 
described in this combination section or a pharmaceutically acceptable salt, solvate, solvate 
of such a salt or a prodrug thereof, in association with a pharmaceutically acceptable 
diluent or carrier. 

According to a further aspect of the present mvention there is provided a kit corr^rising a 
compound of formula I, or a pharmaceutically acceptable salt, solvate, solvate of such a 
salt or a prodrug thereof, and one of the other compounds described in this combination 
section or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug 
thereof 

According to a further aspect of the present invention there is provided a kit conqjrising: 

a) a compound of formula I, or a pharmaceutically acceptable salt, solvate, solvate of such 
a salt or a prodrug thereof, in a first unit dosage form; 

b) oiie of the other conqraunds described in this combination section or a pharmaceutically 
acceptable salt, solvate, solvate of such a salt or a prodrug thereof; in a second unit dosage 
fbrm; and 

c) container means for containing said first and second dosage forms. 

According to a further aspect of the present invention there is provided a kit comprismg: 

a) a con:p)und of formula I, or a pharmaceutically acceptable salt, solvate, solvate of such 
a salt or a prodrug thereof, together with a pharmaceutically acceptable diluent or carrier, 
in a first XDait dosage form; 

b) one of the other conopounds described in this combination section or a phannaceutkially 
acceptable salt, solvate, solvate of such a salt or a prodrug thereof, in a second unit dosage 
form; and 

c) container means for containing said first and second dosage forms. 
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According to anothra- feature of the invention there is provided the use of a con^raund of 
the formula I, or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a 
prodrug thereof, and one of the other confounds described in this combination section, or 
a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof, in 
the manufacture of a medicament for use in the the treatment of metaboUc syndrome or 
type 2 diabetes and its associated con^pUcations in a warm-blooded animal, such as man. 

According to another feature of the invention there is provided die use of a conpound of 
the fonmla I, or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a 
Fodrug thereof, and one of the other compounds described in this combination section, or 
a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof, in 
the manufacture of a medicament for use in the treatment of hyperUpidaemic conditions in 
a warm-btooded animal, such as man. 

According to a further aspect of flie present invention there is provided a combination 
treatment con^rising the administration of an effective amount of a compound of the 
formula I, or apharmaceuticaUy acceptable salt, solvate, solvate of such a salt or a prodrug 
thereof, optionally together with a pharmaceuticany acceptable dHuent or carrier, with the 
snnultaneous, sequoitial or separate administration of an effective amount of one of the 
other conqpounds described in this combination section, or a pharmaceutically acceptable 
salt, solvate, solvate of such a salt or a prodrug thereof, optionally together with a 
pharmaceuticaUy acceptable diluent or earner to a warm-blooded animal, such as man in 
need of such therapeutic treatmenL 
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Working exaiiq?|es. 

NMR and NMR measurements were perfonned on a Varian Mercury 300 or 
Varian UNITY plus 400, 500 or 600 spectrometers, operating at frequencies of 300, 
400, 500 and 600 MHz, i^pectively, and at frequencies of 75, 100, 125 and 150 MHz, 
respectively. Measuremmts were made on the delta scale (8). 

Unless otherwise stated, chemical shifts are given in ppm with the solvent as 
internal standard. 

Abbreviations 

IRS insulin resistance syndrome 

TLC thin layer chromatography 

HOBT 1 -hydroxybenzo triazole-hydrate 

DIB AH diisobutylalumiaium hydride 

DMSO dimethyl sulfoxide 

EtOAc ethyl acetate 

DMF A^,iV-dimetliylfonnamide 

THF tetrahydrofuran 

HPLC high perfonnance liquid chromatography 

MeCN acetonitrile 

TFA trifluoro acetic acid 

Pd/C palladium on charcoal 

HATU 0-(7-azabenzotriazolyl-l- yl)-N,N,N',N'-tetramethyluronium 

hexafluorophosphate 
DCM dichloromethane 

TBTU 0-(benzotriazol-l- yl)-N,N,N' JN'-tetramethyluronium tetrafluoroborate 

DIPEA i\^,iV-diisopropyleBiylamiQe 

DMAP 4-dimjBthylaminopyridine 

Trisamine Tris(hydroxyniethyl)aminomethane 

ISOLUTB® FLASH Si is a silica column suitable for chromatography 

Boiohydride on polymer support is Borohydride on Ambcrlite IRA-400 available from 

Aldrich 
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LC-MS liquid chromatography- mass spectroscopy 

RT room temperature 

t triplet 

8 siaglet 

d doublet 

q quartet 

qvint quintet 

m multiplet 

br broad 

bs broad singlet 

dm doublet of multiplet 

bt broad triplet 

dd doublet of doublets 



Example 1 

a) r^ft-butyl r4-(?-l^ydyoxyethyDphenoxy1ac^tate 

A mixture of 4-(2-hydroxyethyl)phenol (3.8ml, 25.834mmol) was dissolved in 
acetonitrile (25ml), potassium carbonate (7.085g, 51,267mmDl) and tert-hntyl 
bromoacetate (S.OOOg, 25.834mmol) was boiled under reflux for 16 hours. The solvent 
was evaporated under reduced pressure. The residue was dissolved in EtOAc and washed 
with brine and water, dried with MgS04 and evaporated under reduced pressure to give the 
desired product was obtained (6.00g , yield 92.8 %) 

^H-NMR (400MHz, CDCh): 1.52 (s, 9H), 2.98 (t, 2H), 3.46 (t, 2H), 4.92 (s. 2H), 6.89-6.97 
(m.4H) 

b) Tgr^-butvl f4-l2-rfmethvlsulfbnvnoxvlethvnpheDQxv^acetate 

7fe/t-butyl [4-(2-hydroxyethyl)phenoxy]acetate (6.000g, 23.781mmol) and triethylamine 
(9.9ml, 71.341mmDl) were dissolved in DCM. The mixture was cooled to -lO'^C and 
methanesulfonyl chloride (2.8nil, 35.671mmol) was added dropwise to the mixture. Hie 
reaction mixture was allowed to reach room teiiq)erature and was stirred for 16 hours. The 
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imxture was diluted with DCM The organic layer was washed with water, brine and 0.3M 

KHSO4. dried withMgS04, and evaporated unda-reduced pressure. Obtained 7.5g of 
light-yellow crystals (yield 95.5 %). 

^H-NMR (400MHz. CDCfe): 1.52 (s. 9H). 2.98 (t. 2H).3. 10(8. 3H). 3.46 (t, 2H). 4.92 (s. 
2H), 6.89-6.97 (in,4H) 

C) M^thvl 2-f 2-r 4-r?-^m-hntOTV.?.Qxneihr.vvYTm vnetbnxvlT,.n.n^ f. 

Methyl salicylate (2.7nil. 21.187inmol) was dissolved in acetonitrile, and potassium 
carbonate (5.856g. 42.373niinol) was added. The mixture was cooled to -iCC then tert- 
butyl (4-{2-[(methylsulfonyl)oxy]ethyl}phenoxy)acetate was added. Tb& mixture was 
boiled under reflux for 1 6 hours, and then the solvent was evaporated under reduced 
pressure. The residue was dissolved in EtOAc. washed with water and brine, then the 
organic layer was dried withMgS04 and the solvent was removed by evaporation. The 
crude material was purified by flash chromatography (silica gel 60 0.004-0.G63mm) using 
EtOAc: Toluene 50:50 as the eluant. TTie fractions which contained the desired product 
were pooled, and solvent evaporated. This gave 5.0g of pure product (yield 61. 1 %). 
^H-NMR (400MHz. CDCh); 1.48 (s. 9H). 3.08 (s, 3H). 3.87 (t, 2H), 4.18 (t. 2H), 4.49 (s, 
2H). 6.84 (d, 2H). 6.90-6.98 (m, 2H). 7.20-7.26 (m, 2H). 7.38-7.43 (m,lH). 7.7 (dd, IH) ' 

d) f4-f2-r2-fmethoyvcarbnTivnpTiftiinvy]^ | j.yU pheTinxvlanpHP ^.-^a 

Methyl 2-{2-[4.(2.tert-butoxy-2-oxoethoxy)phenyl]ethoxy}benzoate (0.400 g. 
1.0351mmol) was dissolved in DCM and trifluoracetic acid (0.8ml. 8.281mmol) was 
added. The mixture was stirred at room temperature for 3L Ihe solvent was evaporated to 
give 325 mgofa white powder. 

^H-NMR (6OOMH2. CDCb); 3.08 (t, 2H). 3.86 (s. 3H). 4.18 (t. 2H). 4.64 (s. 2H). 6.84-6 96 
(m, 4H). 7^3 (d. 2H), 7.37-7.42 (m. IH). 7.75 (dd, IH) 
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Methvl 2-r2-r4-(2>rethvlf2-fluoroben2vllamiDo1-2- oxoethoxvlphfinvDethoxvl-benzpate 

(4-{2-[2-(Methoxycarbonyl)phenoxy3ethyl}phenoxy)acetic acid (0.20Qmg, 0.605 mmDl) 
was dissolved in DMF and cooled on an ice-bafh. JV-(2-FluorDbrai2yl) ethanamine (0.102 g, 
0,666n3mDl), TBTU (0.214 g, 0.666 nnnol) and DIPBA (0.22 ml, 1.271 mmol) was added. 
The reaction mixture was stined for 16li at lOom temperature.BtOAc was added and the 
organic phase was washed with two portions of 20ml NaCQs (sat). The organic layer was 
dried with MgS04 and the solvent was removed by evaporation. The crude was purified 
by preparative HPLC (starting with acetonitrile/buffer 60/40 and then mcreasing the 
acetonitrile concentration to 100% acetonitrile in 25 min, the buffer was a mixture of 
acetonitrile/water 10/90 and ammonium acetate (0.1 M), colmm KR-100-7-C8, 50*500, 
flow 80m]/min). 145 mg of the desired product was obtained after freeze drying ( yield 
71.1 %) 

^H-NMR (400MHz, CD3C0) (rotamers); 1.08, 1.17 (t. t, 3H), 2.96 (s, 3H), 3.07 (m, 2H), 
3.31, 3.36 (m, 2H), 4.21 (m, 2H), 4.85 (s, 2H), 4.56-4.82 (m, 2H), 6.18 (d, IH), 6.88-7.06 
(m, 3H), 7. 18 -7.35 (m, 6H), 7.42 (m, IH), 7.70 (d, IH) 

f) 342-(4'{24ethy]i(2-fluorobenzyl)amino1-2-o?toethQxy}phfflyl)etho?cy1VepzQi9 ac^d 

Methyl 2-[2-(4-{2-[ethyI(2-fIuorobenzyl)amino]-2-oxoethDxy}phenyl)ethoxy] benzoate 
(0.200g, 0. 1 15mmol) was dissolved in 3ml THF in a Smith synthesiser vial and then 1.5 ml 
water and lithium hydroxide (0.032 g, 1.335mmol) were added to the vial The vial was 
capped and put in the microwave oven (Smith synthesiser). The reaction was then heated 
to 150^C for 6 minutes. According to LC-MS the reaction was complete. The solvent was 
evaporated. The residue was dissolved in diethyl ether (30 ml) and washed with NaHCOa 
(sat) (2x20ml). The basic water layer was acidified to pH 1 with 2M HCL The water layer 
was extracted with three portions of 20 ml of DCM which were combined, dried and 
evaporated to give 160 mg of pure desired product 

^H-NMR (400MHz, CD3CX)) (lotamers); 1.07,1.15 (t, t, 3H), 3.10 (m, 2H), 3.30, 3.36 
(m, m, 2H), 4.21 (m, 2H), 4.55-4.67 (m. 2H), 4.90 (s, 2H), 6.20 (d,lH), 6.87-7.06 (m, 3H), 
7. 18-7.35 (m, 6H), 7.40(m, IH). 7.70 (d, IH) 
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Example 2 

a) 2-Bromo-7S^r2.4.di fluorobeDzvl^-i\r-heptvlac&tamidft 

iV-(2,4-difluoroben2yl)-iV'-heptylainine(2.004 g, 8.304 mmol) was dissolved in DCM (30 
rrH). It was then cooled in an ice-batk Triethylamine (1.092 g, 10.796 mmol) was added 
and thenbromacetyl chloride (1.438 g, 9.135 mmol) was dropped in. The mixture was 
stirred for 2 hours (ice-bafli). It was then washed with water (with additional of 1% 
hydrochloric acid, pH~3), wato: and brine, and dried (magnesium sulphate) and 
evaporated. The crude oil product was dissolved m DCM, then loaded onto a column 
(ISOLUTBOSI 5g/25 ml) and eluted with more DCM. Oil product 2.412 g was obtained, 
yield 80% 

'H NMR (retainer, 500 MHz, CDCI3): 5 0.88-0.93 (m, 3H), 1.27-1.34 (m, 8H), 1.52-1.68 
(m, 2H), 3.28-3.35 (m, 2H), 3.90-4.15 (m, 2H), 4.61, 4.63 (s, s, 2H), 6.81-6.94 (m, 2H) and 
7.15-7.20, 7.34-7.39 (m,lH). 

b) ^'-(2,4-difluorobenzvlVA^heptvl-2-r4- r2-hvdrQxvethvlV2-methnyvpheTinxv1at^^^^ 

2-Bromo-i\r-(2,4-difluorobenzyI)-i\r-heptylacetaiiiide (135 mg, 0.373 mmol), homovaniUyl 
alcohol (63 mg, 0.373 iimol) and potassium carbonate anhydrous (77 mg, 0,559 mmol) 
were mixed in acetonitrile (10 ml). The mixture was heated to reflux for 4 hours and then 
evaporated to dryness. The residue (with additional DCM, 1ml x2) was loaded onto a 
column (ISOLUTE® SI, lg/6ml). It was eluted with DCM and then MeOH/DCM 
(0.5:99.5, then 1:99). The product fractions were combined and evaporated Oil product 
132 mg was obtained yield 79%. 

^HNMR (rotamer, 400 MHz, CDCI3): 5 0.82-0.87 (m, 3H), 1,17-1.28 (m, 8H), 1.43-1.68 
(m, 2H), 2.75-2.80 (m, 2H), 3.24-3.32 (m, 2H). 3.73-3.84 (m, 5H), 4.58, 4.66 (s, s, 2H), 
4,74, 4.76 (s, s, 2H), 6.67-6.86 (m, 5H) and 7.08-7.14, 7.23-7.29 (m, IH). 
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o) 2'f4>( 2-rr2.4-Difluoroben2yLrheptvl^amino1-2>oxoetfaoxv}>3-methQxyph^ 
methanesulfonate 

iV-(2,4-difluorobenzyl)-i\^beptyl-2-[4-(2-h^ 

(A)(132 mg, 0.294 mmol) was dissolved in DCM (10 ml). It was cooled in an ice-bath. 
Triethylamine (0.05 ml, 0.352 huudI) was added and then niethanesulfonyl chloride (37 
mg, 0.323 mmol) was dropped in. The cooling-bath was removed after 30 minutes. The 
mixture was stirred at room temperature overnight. LS-MS showed that ca 50% of A was 
not reacted. The mixture was cooled in an ice-bath and 0.05 ml of triethylamiiie was added, 
followed by 0.025 ml of methanesulfonyl chloride. After addition, the cooling-bath was 
removed and the mixture was stirred for 5 hours more. It was then washed with water (x2) 
and brine, dried (magnesium sulphate) and evaporated. Oil product 138 mg was left and 
used for next step without further purification. 

d^ Methvl 2-r2-f4-(2-r(2.4-difluorobenzyDrheptyBaminoV2-oxoethoxy)-3- 
methoxyphenvDethoxvlbenzoate 

2-(4-{2-[(2,4-Difluorobenzyl)(heptyl)airdno]-2-oxoethoxy}-3-rDethoxyphenyl)ethyl 
methanesulfonate (138 nag, 0.262 mmol) was dissolved in acetonitrile (10 ml). 2- 
Hydroxybenzoic acid methyl ester (40 mg, 0.262 mmol) was added and then potassium 
carbonate anhydrous (54 mg, 0.392 mmol) was added. The mixture was heated to reflux 
overnight and then evaporated to dryness. Water (10 nd) and ethyl acetate (10 ml) were 
added and the two phases were separated. The organic phase was washed with wat^ and 
brine, dried (magnesium sulphate) and evaporated. Chromatography of the residue on a 
column (ISOLUTE® SI, 2 g/ 6 ml) using DCM, MeOH/DCM (1:99) as eluant gave 78 mg 
the desired product, yield 45% (two steps). 

NMR (rotamer, 500 MHz, CDCfe): 5 0.87-091 (m. 3H), 1.22-.1.32 (m. 8H), 1,48-1.63 
(m. 2H), 3.09-3.14 (m, 2H), 3.28-3.35 (m, 2H), 3.80. 3.89 (s. s, 3H), 3.89 (s, 3H), 4.21- 
4.25 (m. 2H), 4.62, 4.71 (s, s, 2H), 4.79, 4.81 (s, s, 2H), 6.77-7.01 (m, 7H), 7.28-7.33 (m. 
IH), 7.13-7.18, 7.28-7.33 (m,m, IH). 7.45 (t, IH) and 7.81 (d, IH). 
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ri2-r2-r4>f24r2,4-DmuorobeD7,vnrhftnfvnaTTiiTOl-2-oxoeAnyv>-^ 
methoxvphenvnethoxvlb&Dzoic acid 

Methyl 2-[2-(4-{2-[(2,4-diflvioroben2yl)(heptyl)ainiQo]-2^ 

ethoxy]benzoate (74 mg, 0, 127 mmo^) dissolved in TUP (2 ml) was mixed with lithium 
hydroxide (6.1 mg, 0.254 mmol) dissolved in water (1 ml). The mixture was irradiated in a 
microwave oven (Smith Synthesizer) at 150 °C for 8 minutes. LC-MS showed that the 
reaction was not complete. It was in the oven for additional 10 minutes, LC-MS showed 
almost no change. 3 mg more of Hthium hydroxide was added and thereafter it was in the 
oven at 150°C for 8 minutes. LC-MS showed it was still the same as before. 3 mg more of 
hthium hydroxide and 1 ml water was added. The resulting mixture was in the oven at 150 
°C for 10 minutes and LC-MS showed the reaction was corrplete. It was evaporated to 
remove THF. The residue was acidified with 1% hydrochloric acid, pH-5, and extracted 
wkh ethyl acetate (10 ml). The extracts was dried (magnesium sulphate) and evaporated 
C3iromatography of the residue on a column (ISOLUTE® SI, 1 g/ 6 nd) using DOM and 
thenMeOH/DCM (1:99) as eluant gave 60 mg the desired product, yield 83%. 

NMR (lotamer, 400 MHz, CDCI3): 5 0.82-0.87 (m, 3H), 1.18-1.28 (m, 8H), 1.43-1.61 
(m, 2H), 3.10-3.15(m, 2H), 3.24-3.31 (m, 2H), 3.77, 3.85 (s, s, 3H), 4.39-4.44 (m, 2H), 
459, 4.66 (s, s, 2H), 4.77, 4.78 (s, s, 2H), 6.72-6.91 (m, 5H), 7.01 (d, IH), 7.09 (t, IH), 
7.10-7.17, 7.26-7.32 (m, mi, IH), 7.51 (t, IH) aad 8.13 (d, IH). 

^^C NMR (rotamers, 75 MHz, CDCI3): 5 14.07, 22.55, 26.79, 27.02, 28.57, 28.93, 31.70, 
35.18, 41.30, 41.34, 44.02, 45.89, 46.99, 55,71, 55.82, 68.19, 68.94, 70.66, 103.38(t), 
.103.88(t), 111.35(d), 111.39(d), 112.32, 112.41, 112.46, 114.76, 117.64, 119.60(dd), 
120.07(dd), 120.53, 122.06, 129.50(d^, 130.54, 130.59, 131.55(dd), 133.60, 134.78, 
146.26, 146.39, 149.67, 157.10, 161.60(dd), 160.68(dd), 161.97(dd),162.24(dd), 165.12, 
167.75 and 167.93. 

Example 3 

a) iV-(4-chlorobenzyl)acetamide 

Acetic acid (1.32 Ig, 22.000 mmol) was dissolved in DMF (10 ml), l-(4- 
chbrophenyl)methanamine (2.804 g, 19.800 mmol) was added and the mfattuie was cooled 



wo 2004/000294 



PCT/GB2003/002591 



30 

to 0° C. //-[(liy-l,23-ben2X)triazol4-yloxy)(dimethylair^ 
mgfliylmetiianaminiiim tetrafluoroborate (7.770 g, 24.200 miriDl^ and N-eihyl-NJ^- 
diisopropylamine (5,971 g, 46.200 mmDl) was added. The solution was stirred for two 
hours at room temperature. BtOAc (20 ml) was added and the organic phase was washed 
with Na2C03 (3 X 20 ml, aq) and HCl (0.5 M, 2 X, 10 ml). The organic layer was dried 
(MgS04) and the solvent was ranoved by ev^oration. The residue was purified by 
preparative HPLC (the initial mobile phase was isocratic acetonitrile/buffer 60/40 and then 
the acetonitrile concentration was mcreased to 100%, the buffer was a mixture of 
acetonitrile/water 10/90 and ammonium acetate (0.1 M, column KR-100-7-C8, 50 mmX 
250 mm, flow 40 ml/min). The product-contaioing fractions were pooled and the 
acetonitrile was removed by evaporation. BtOAc (10 ml) was added and the organic phase 
was washed with two portions of brine and dried (MgS04) and the solvent was removed by 
evaporation and gave 2.337 g of Ar-(4-chtoK)ben2yl)acetamide (yield 57.8%). 

'HNMR (500 MHz, CDCI3): 5 1.96 (s, 3H), 4.31 (d, 2H), 6.46 (bs, IH), 7.16 (d, 2H), 7.25 (d, 
2H). 

h) iy"f4-cbIorobenzyl)>//-ethy lamm& 

iV-(4-chloroben2yl)acetamide (2.337 g, 12.726 mmol) was dissolved in THF (100 ml) and 
was cooled to zero degrees under argon atmosphere. (Methylthio)methane compound with 
borane(l:l) (2.417 g, 31.815 mmol) was added and the mixture was refluxed overnight at 
RT. HCl (15 ml, 10%) was gently added and was stirred ovemighL The solvent was 
removed by evaporation. Diethyl ether (20 ml) was added and the product was extracted to 
the water phase by K2CO3 (3 X 15 ml). The aqueous phase was acidified by HCl (10 ml, 
10%) and the product was extracted to the organic phase by EtOAc (3 X 15 ml). The 
organic phase was dried (MgS04) and the solvent was removed by evaporation to give 
0.938 g of iV-(4-chlorobenzyl)-i\r-ethylamine (yield 43.4%). 



^HNMR (500 MHz, CDCI3): 5 1.11 (t, 3H), 2.65 (q, 2H), 3 .74 (s, 2H), 7.23-7.28 (m, 4H). 
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c)Me%12>f(2■r4>f2-/gr^b^toxv>2-QXQethoyv ^Dhenvl1ethv^UM^^ 

Tert-hutyl (4-{2-[(me%lsulfonyl)oxy]ethyl}phenoxy)acetate (5.454 g. 17.347 mmol) was 
dissolved in acetonitrile (100 xdl),.methyl 2-mercaptobeiizoate (3,502 g, 20.816 mmol) and 
potassium carbonate (4.795 g, 34.694 mmol) was added. The solution was stirred for 10 
hours at 60 °C. EtOAc (40 ml) was added and the organic phase was washed with two 
portions of Brine (2 X 40 ml, aq). The organic layer was dried (MgSO^ and the solvent 
was removed by evaporation to give 6.931 g of methyl 2-({2-[4-(2-fm-butoxy-2- 
oxoethoxy)phenyl]ethyl}thio)benzoate. This material was used in the next step without 
further purification. 

^) r4'(2-{ r2-fMethoxvcarb onvl^phenv]1-thio letbvlVphenoxvl acetic acirl 
Methyl 2-({2-[4-(2-/er/-butoxy-2-oxoethoxy)phenyl]etbyl}tbio)ben20ate (4.630 g, 11.502 
mmol) was taken up into DCM (50 ml) and treated with trifluoroacetic acid (44.40 g, 
389.405 mmol) at RT for 4h The mixture was evaporated and azeotroped with toluene. 
The crude was purified by preparative HPLC (the initial mobHe phase was isocratic 
acetonitrile/buffer 60/40 and then the acetonitrile concentration was increased to 100%, the 
buffer was a mixture of acetonitrile/water 10/90 and ammonium acetate (0. 1 M, column 
KR<-100-7-C8, 50 mm X 250 mm, flow 40 ml/min). The product containing fi-actions were 
pooled and the acetonitrile was removed by evaporation. EtOAc (10 ml) was added and the 
organic phase was washed with two portions of brine and dried (MgS04). The solvent was 
removed by evaporation to give 3.825 g of [4-(2-{[2-(methoxycarbonyl)phenyl]- 
thio}ethyl)-phenoxy]acetic acid (yield for two steps 63,9% overall). 

'HNMR (500 MHz, CDCI3): 52.93-2.98 (m, 2H), 3.12-3.17 (m, 2H), 3.92 (s, 3H), 4.67 (s, 
2H). 6.88 (d, 2H), 7.13-7.21 (m, 3H), 7.33 (d, IH). 7.41-7.46 (m, IH), 7.96 (dd, IH). 

e) Meflivl 2-(r2-r4-f 2-rr4-chlorobenzv1 XethvnaTnmnl-2-oxoethoxvlp h&Ti y1), 
ethvllthio Ibenzoate 

[4-(2-{[2-(Methoxycarbonyl)phenyl]thio}etliyl)phenoxy]acetic acid (0.200 g, 0.577 
mmoD was dissolved in DMF (10 xeS), 7V-(4-chlorobenzyl)-iV^ethylamine (0. 108 g, 0.635 
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mmol) was added and the mixture was cooled to 0° C Ar-[(LEM,2,3-beiizotriazoM- 
yloxy)(dimetiiylaimno)inethylene]-iV-ine%h^ tetrafluoroborate (0.204 g, 

0.635 imnol) and J\^e%l.iV,iV-4iisopropylanune (0.157 g, 1.212 mmol) were added. The 
solution was stirred overnight at room temperature. Water (100 ml) was added and the 
water phase was extracted with diethyl ether (3 X 20ml). The organic phase was washed 
with NaiCOs (3 X 20 ml, aq) and HCl (0.5 M, 2 X, 10 ml). The organic layer was dried 
(MgS04) and the solvent was removed by evaporation. The residue was purified by flash 
chromatography (started with isocratic heptane/BtOAc 30/70 and then the BtOAc 
concentration was increased to 100%, (sihca gel 60 0.004-0.063 mm). The product 
contaming fractions were pooled and the solvent was removed by evaporation to give 
0.085 g of methyl 2-{[2-(4-{2-[(4-chloroben2yl)(ethyl)amino]-2- 
oxoethoxy}phenyl)ethyl] thio }benzoate (yield 29.6%). 

^HNMR (rotamers, 300 MHz, CDCI3): 5 1.09-1.21 (m, 3H), 2.91-2.99 (m, 2H), 3.11-3.18 ' 
(m, 2H), 3.32-3.43 (m, 2H), 3.92 (s, 3H), 4.57-4.75 (m, 4H), 6.78, 6.92 (d, d, 2H), 7.12- 
7.46 (m,9H), 7.96 (d,lH). 

f) 2-(r2-(4-{2-rf4-ch1orohenzvlVethY])aniiTi o 1-2-oxQethoxv)phenvnethvllthiQThCT 
acid 

Me%12-{[2-(4-{2-[(4-cMoroben2yl)(ethyl)amino]-2-oxoethoxy)phenyl)- 
ethyl]thio }benzoate (0.085 g, 0. 170 mmol) was dissolved in a mixture of acetonitrile/ 
water (1/1, 4 ml) and Uthinm hydroxide (0.008 g, 0.341 mmol) was added. The reaction 
was perforated m an smgle node microwave oven (5 min, 150 deg). The solvent was 
removed by evaporation and then HCl (2 ml, 1 M) was added. The water phase was 
extracted with two portions of EtOAc (20 ml). The combined organic phase was dried 
(MgS04) and the solvent was removed by evaporation and gave 0.073 g of 2-{[2-(4-{2-[(4- 
cMorobenzyl)(ethyl)anaino]-2HDxoethoxy}phenyl)ethyl]thio}be^ acid (yield 88.4%) as 
an oil which solidified on cooling and standing. 
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^HNMR (rotamers, 400 MHz, CDCfe): 5 1.09-1.20 (m, 3H), 2.91-2.98 (m, 2H), 3.11- 
3.17(in, 2H), 333-3.42 (m, 2H), 4.58-4.77 (m, 4H), 6.79, 6.92 (d, d, 2H), 7,11-7.49 (m, 
9H),8.10(d,lH). 

^^C NMR (rotamers, 100 MHz, CDCfe): 5 12.23, 13.77, 33.70, 33.82, 41.09, 41.30, 47.42, 
49.64, 67.37, 67.91, 114.69. 114.81, 123.97-135.58 (complex multiplet), 142.22, 156.45, 
156.57, 168.20, 17063. 

Hie followmg two Exan^iles were prepared in a similar manner: 
]Bxample4 

2-[2-(4- {2-[(4-a)lorobeiizyl)(ethyl)amino]-2-oxoethoxy }phenyl)ethoxy]b acid 
Example 5 

2-p-(4-{2-[Ethyl(4-trifluoromethylbenzy5amino]-2-oxoethDxy}phenyl)ethoxy]te 
acid . 

Example 6 

a) Acetic acid (1.321g, 22.000 mmol) was dissolved in DMF (10 ml). l-[4- 
(tiifluoromethyl)phenyI|methanamine (3.468 g, 19.800 mmol) was added and the mixture 
was cooled to 0° C. iV'-[(lH-l,2,3-benzotriazol-l.ytoxy)(dimethylamino)me%^^ 
methylmethanamininm tetrafluoroborate (7.770 g. 24.200 mmol) and N-&6xyl-N,N- 
diisopropylamine (5.971 g, 46.200 mmol) was added. The solution was stirred for two 
hours at room temperature. BtOAc (20 ml) was added and the organic phase was washed 
with Na2C03 (3 X 20 ml, aq) and HCl (0.5 M, 2 X, 10 ml). The organic layer was dried 
(MgS04) and the solvent was removed by evaporation. The crude was purified by 
preparative HPLC (started with isocratic acetonitrile/buffer 60/40 and then the acetonitrile 
concentration was increased to 100%, the buffer was a mixture of acetonitrile/water 10/90 
and ammDnium acetate (0 1 M, column KR-100-7-C8, 50 mmX 250 mm, flow 40 
ml/min). The product containing fractions was pooled and the acetonitrile was removed by 
evaporation. EtOAc (10 ml) was added and the organic phase was washed with two 
portions of brine and dried (MgS04) and the solvent was removed by evaporation and 
gave 3.085 g of iV^[4-(trifiuoromethyl)ben2yl]acetamide (yield 64.6%). 
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'HNMR (500 MHz, CDCI3): 5 2.0 (s, 3H), 4.42 (d, 2H), 6.58 (bs, IH), 7.35 (d, 2H), 7.55 
(ci,2H) 

b) i\^-[4-(triHuoroinethyl)benzyl]acetaiDide (3.085 g, 14.204 mmol) was dissolved in THF 
(100 ml) and was cooled to zero degrees under argon atmospheie. (Metiiylfliio)metliane 
con5)ound with borane (1:1) (2.698 g, 35.511 mmol) was added and .tbe mixture was 
refluxed over night at RT. HQ (15 ml, 10%) was gently added and was stirred ovemight 
The solvmt was removed by evaporation. Diethyl ether (20 ml) was added and the product 
was extracted to the water phase by KzCQa (3 X 15 ml), the water phase was acidified by 
HCl (10 ml, 10%) and the product was extracted to the organic phase by EtOAc (3 X 15 
ml). The organic phase was dried (MgS04) and the solvent was removed by ev^oration to 
give 0.809 g of iV-[4-(trifluoromethyl)benzyl]ethanamine (yield 28%). 

'HNMR (500 MHz, CDCfe): 5 1.05 (t, 3H), 1.3 (s, IH), 2.62 (q, 2H), 3.78 (s, 2H), 7.38 (d, 
2H),7.3(d,2H) 

c) rm-butyl (4-{2-[(methyl5ulfonyl)oxy]ethyl}phenoxy)acetate (5.454 g, 17.347 mmol) 
was dissolved in acetonitrile (100 ml), methyl 2-mercaptobenzoate (3.502 g, 20.816 mmol) 
and dipotassium carbonate (4.795 g, 34.694 mmol) was added. The sohition was stirred for 
10 hoxirs at 60 ""C. EtOAc (40 ml) was added and the organic phase was washed with two 
portions of Brine (2 X 40 ml, aq). The organic layer was dried (MgS04) and the solvent 
was removed by evaporation to give 6.931 g crude of methyl 2-({2-[4-(2-terr-butoxy-2- 
oxoethoxy)phenyl]ethyl}thio)ben2oate. The crude was used m the next step wifliout further 
purificatioiL 

d) Methyl 2-({2-[4-(2-^e/t-butoxy-2-oxoethoxy)phenyl]ethyl}dno)benzoate (4.630 g, 

1 1.502 mmol) was take up in DCM (50 ml) and treated with trifluoroacetic acid (44.40 g, 
389.405 mmol) at r.t for 4h. The mixture was evaporated and azeotroped with toluene. The 
crude was purified by preparative HPLC (started with isocratic acetonitrile/buffer 60/40 
and then the acetonitrile concentration was increased to 100%, the buffer was a mixture of 
acetonitrile/water 10/90 and ammonium acetate (0.1 M, column KR-100-7-C8, 50 mmX 
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250 mm, flow 40 ml/min). The product containing fractions was pooled and the 
acetonitrile was removed by evaporation. EtOAc (10 ml) was added and the organic phase 
was washed with two potions of brine and dried (MgS04). The solvent was rranoved by 
evaporation to give 3.825 g of [4-(2-{[2-(methoxycarbonyl)phenyl]thio}ethyI)phenoxy]- 
acetic acid (yield for two steps 63.9% overall). 

'HNMR (500 MHz. CDCfc): 5 2.82 (t, 2H). 3.15 (t. 2H). 3.82 (s, 3H), 4.35 (s. 2H). 6.78 (d, 
2H), 7.18 (d. 2H). 7.23 (t, IH). 7.51 (d. IH), 7.55 (t, IH), 7.85 (d, IH). 

e) [4-(2-{[2-(metlioxycarbonyl)phenyl]thio}ethyl)phenoxy]acetic acid (0.200 g, 0.577 
mmol) was dissolved in DMF (10 ml), 7V-[4-(trifluoromethy])benzyl]ethanamine (0.129 g, 
0.635 mmol) was added and the mixture was cooled to 0° C i\^-[(lfr-l,2,3-benzotiiazol-l- 
yloxy)(dimethylamino)methylene]-Ar.niethy]methanaminimn tetrafluoioborate (0.204 g, 
0.635 mmol) and Af-ethyl-iV^-diisopropylamine (0.157 g, 1.212 mmol) was added. The 
solution was stirred overnight at room temperature. Water (100 ml) was added and the 
water phase was extracted with diethyl ether (3 X 20ml). The organic phase was washed 
with mCCh (3 X 20 ml, aq) and HCl (0.5 M. 2 X, 10 ml). The organic layer was dried 
(MgS04) and the solvent was removed by evaporation. The crude was purified by flash 
chromatography (started with isocratic heptane/EtOAc 30/70 and then the EtOAc 
concentration was mcreased to 100%, (sihca gel 60 0.004-0.063 mm). The product 
containing fractions were pooled and the solvent was removed by evaporation to give 
0.085 g of methyl 2-({2-[4-(2-{ethyl{4-(trifluoromethyl)benzyl]amino}-2- 
oxoethDxy)phenyI]ethyl}thio)ben2oate (yield 27.7%). 

'HNMR (Rotamers, 500 MHz, CDCh): 5 1.1-1.23 (bm, 3H), 2.95 (q, 2H), 3.15 (q, 2H), 
3.42 (m, 2H), 3.9 (s, 3H), 4.7-4.82 (bm, 4H), 6.75-6.95 (m, 2H), 7. 1-7.5 (m, 9H), 7.97 (d 
IH). ' 

f) Methyl 2-({2-[4-(2-{ethyl[4-(trifluoron]ethy])ben2yl]amino}.2-oxoethoxy)phenyl]- 
ethyl}thio)benzoate (0.085 g, 0.160 mmol) was dissolved in a mixture of acetonitrile/ 
water (1/1, 4 m?|, then lithium hydroxide (0.008 g. 0.320 mmol) was added. The reaction 
was performed in an single node microwave oven (5 min, 150 deg). Work-up by removing 
the solvent by evaporation and addition of HCl (2 ml, 1 M). Ihe water phase was extracted 
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With two portions of EtOAc (20 ml), the organic phase was dried (MgS04) and the solvent 
was removed by evaporation and gave 0.07773 g of 2-({2-[4-(2-{ethyl£4- 

(trinuoromethyl)benzyl]amino}-2-oxoethoxy)phenyl]ethyl}thio)t)enzoio acid (yield 
93.0%); 

'HNMR (Rotamers, 400 MHz, CDCfe): 8 1.02-1.25 (bm, 3H). 2.95 (q, 2H), 3.15 (q. 2H). 
3.38 (m, 2H), 4.60-4.82 (bm, 4H), 6.75-6.95 (m, 2H), 7.1-7.5 (m, 9H), 7.97 (d, IH). 

Example 7 

Methyl 2-{2-[4-(2-{butyl[2-fluoro-4-(trifluoromethyl)benzyl] amino }-2- 
oxoethDxy)phenyl]eihDxy}benzoate (0.230 g, 0.410 mmol) was dissolved in a mixture of 
THF/ wator (1/1, 4 ml). Lithium hydroxide (0.015 g, 0.617 mmol) was added. The reaction 
was p«Tformed in an single node microwave oven (14 min, 150 deg). Work-up by 
removing the solvent by evaporation and addition of HCl (2 ml, 1 M). The water-phase 
was extiracted wifli two portions of BtOAc (20 ml). The organic phase was dried (MgS04) 
and the solvent was removed by evaporation to give 0.212 g of 2-{2-[4.(2-{butyll2-fluoro- 
4-(triflnoromethyl)bai2ygamino}-2-oxoethoxy)phaiyl]ethoxy}benzoic acid (yield 94.5%). 



^HNMR (Rotamers, 500 MHz, CDCI3): 5 0.82-1.0 (bm, 3H), 1.2-1.4 (bm, 2H), 1.65-1.7 
(bm, 2H), 3.13 (m, 2H), 3.32 (m, 2H), 4.4 (m, 2H), 4.63-4.8 (M, 4H). 6.7-7.6 (bm, lOH), 
8.1 (d, IH). 

a) (4-{2-[2-(Meajoxycarbonyl)phenoxy]ethyl}p]ienoxy)acetic acid (0. 150 g, 0.454 
mmol) was dissolved in DMF (10 ml). iV-(2,4-difluorobenzyl)-iV-piopylamine (0.084 g, 
0.454 msnaJ) was added and the mixture was cooled to 0" C. i\^-[(lJ7-l,2,3-benzotriazol-l- 
yloxy)(dmiefliylaniinD)methylene]-iV'-inethyhnethanaminium tetraflvioroborate (0. 160 g, 
0.499 mmol) andiV-efhyl-iV,i\r-diisopropylamine (0.123 g, 0.954 mmol) was added. The 
solution was stirred for two hours at room temperature. EtOAc (20 ml) was added and the 
orgaiiic phase was washed with Na2C03 (3 X 20 ml, aq) and HCl (0.5 M, 2 X, 10 ml). The 
organic layer was dried (MgS04) and the solvent was removed by evaporation to give 
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0.220 g of methyl 2-[2-(4-{2-[(2,4-difluoxDbenzyl)(propyl)aiimio]-2-oxoefli^ 
ethDxy]benzoate (yield 97.4%), 

^HNMR (Rotamers, 500 MHz, CDCfe): 5 0.8-1.0 (bm, 3H), 1.45-1.7 (hm, 2H) 3.1 (m, 2H), 
3.28 (bm, 2H), 3.9 (s, 3H), 4.2 (q, 2H3, 4.6^4.75 (M, 4H), 6.7-7.0 (bm, 6H), 7.1-7.3 (hm, 
3H), 7.4 (m, IH), 7.78 (d, IH). 

b) Methyl 2-[2-(4- { 2-[(2,4-dmuoroberLzyi)(propyl)ainiiio]-2-oxoetiioxy }phenyl)- 
ethoxy]benzoate (0.22 g, 0.442 mmol) was dissolved in a mixture of IHF/ water (1/1, 4 
ml). Lithium hydroxide (0.021 g, 0.884 mmol) was added. The reaction was performed in 
an single node microwave oven (14 min, 150 deg). Work-up by removing the solvent by 
evaporation and addition of HCI (2 ml, 1 M). The waterphase was extracted with two 
portions of EtOAc (20 ml), the organic phase was dried (MgS04) and the solvent was 
removed by evaporation to give 0. 180 g of 2-[2-(4-{2-[(2,4-dinuorobenzyl)(propyl)- 
amino]-2-oxoethoxy}phenyl)ethoxy]benzoic acid (yield 84.2%). 
^HNMR (Rotamers, 500 MHz, CDCI3): 5 0.8-1.0 (bm, 3H), 1.45-1.7 (bm, 2H), 3.14 (m, 
2H), 3.28 (bm, 2H), 4.4 (q, 2H), 4.62 (s, 2H), 4.75 (s. 2H), 6.7-7.35 (bm, 9H), 7.52 (t, IH), 
8.12 (d, IH). 

Example 9 

a) (4-{2-[2-(methoxycarbonyl)phenoxy]ethyl}phenoxy)acetic acid (0. 150 g, 0.454 
mmol) was dissolved in DMF (10 ml), i\r-benzyl-iV-ethylamine (0.061 g, 0.454 mmol) was 
added and the mixture was cooled to 0** C. //-[(lfr-l,2,3-ben20triazol-l-yloxy)- 
(dimethylamino)methylene]-iV-methyh3iethanaminiim tetrafluoioborate (0.160 g, 0.499 
Domol) and//-ethyl-N,iV-diisopropylamine (0.123 g, 0.954 mmol) was added. The solution 
was stirred for two hours at room ten5)erature. BtOAc (20 nS) was added and the organic 
phase was washed with NazCOS (3 X 20 ml, aq) and HCI (0.5 M, 2 X, 10 ml). The organic 
layer was dried (MgS04) and the solvent was removed by evaporation to give 0,138 g of 
methyl 2-[2-(4-{2-|benzyl(ethyl)amino]"2-oxoethoxy}phenyl)eajoxy]ben2oate (yield 
67.9%). 



wo 2004/000294 



PCT/GB2003/002591 



38 

^HNMR (Rotamers, 500 MHz, CDOa): 5 1.07-1.22 (bm, 3H), 3.1 (m, 2H), 3.20 (bin, 2H), 
3.9 (s, 3H), 4.2 (q. 2H), 4.6-4.8 (M, 4H), 6.8-7.02 (bm, 4H), 6.18-7.5 (bm, 8H), 7.78 (d, 
IH). 

b) Methyl 2-[2-(4-{2-I>eiizyl(efliyl)amiuo]-2-oxoethoxy}phenyl)etiioxy]bemoate (0. 138 
g, 0.308 mmDl) was dissolved in a mixture of THF/ water (1/1, 4 m^). Lithium hydroxide 
(0.015 g, 0.617 mmol) was added. The reaction was performed in an siagle node 
microwave oven (14 min, 150 deg). Workup by removing the solvent by ev^oration and 
addition of HCl (2 ml, 1 M). The waterphase was extracted with two portions of EtOAc 
(20 ml), the organic phase was dried (MgS04) and the solvent was removed by 
eviration to give 0.146 g of 2-[2-(4-{2-[benzyl(ethyl)aminD]-2- 
oxoethoxy}phenyl)ethoxy]benzoic acid . 

'HNMR (Rotamers, 500 MHz, ODCla): S 1.02-1,22 (bm, 3H), 3.1 (m, 2H), 3.25-3.5 (bm, 
2H), 4.2 (q, 2H), 4.55-4.8 (M, 4H), 6.8-7.4 (bm, IIH). 7.5 (m, IH), 8.1 (d, IH). 

Example 10 ' 

a) Tcrt-butyl (4-{2-[(methylsulfonyl)oxy]ethyl}phenoxy)acetate (5.454 g, 17.347 mmol) . 
was dissolved in acetonitrile (100 ml), methyl 2-mercaptobenzoate (3.502 g, 20.816 mmol) 
and dipotassium carbonate (4.795 g, 34.694 mmol) was added. The solution was stirred for 
10 hours at 60 **C. EtOAc (40 ml) was added and the organic phase was washed with two 
portions of brine (2 X 40 ml, aq). The organic layer was dried (MgS04) and the solvent 
was removed by evaporation to give 6.931 g crude of methyl 2-({2-[4-(2-rm-butoxy-2- 
oxoethoxy)phenyl]elhyl}thio)benzoate. The crude was used in the next step without further 
purification. 

b) Methyl 2-({2-[4-(2-ferf-butoxy-2-oxoethoxy)phenyl]ethyl}thio)benzoate (4.630 g, 
11.502 mmol) was take up in DCM (50 ml) and treated with trifluoroacetic acid (44.40 g, 
389.405 mwol) at r.t for 4h The mixture was evaporated and azeotroped with toluene. The 
crude was purified by preparative HPLC (started with isocratic acetonitrile/buffer 60/40 
and then the acetonitrile concentration was increased to 100%, the buffer was a mfaiture of 
acetonitrile/water 10/90 and ammonium acetate (0.1 M, column KR-100-7-C8, 50 mmX 
250 mm, flow 40 ml/min). The product containing fractions were pooled and the 
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acetonitrile was removed by evaporation. EtOAc (10 ml) was added and the organic phase 
was washed with two portions of brine and dried (MgS04). The solvent was removed by 
evaporation to give 3.825 g of [4-(2-{[2-(methoxycarbonyl)phfiayIlthio}ethyl)- 
phenoxy]acetic acid (yield for two steps 63.9% overall). 

'HNMR (500 MHz, CDCI3): 5 2.82 (t, 2H), 3.15 (t. 2H), 3.82 (s, 3H). 4.35 (s, 2H), 6.78 (d, 
2H), 7.18 (d, 2H), 7.23 (t, IH), 7.51 (d, IH), 7.55 (t, IH), 7.85 (d, IH). 

c) [4-(2-{ [2-.(methDxycarbonyl)phenyl]thio }eaiyl)phenoxy]acetic acid (0.200 g, 0.577 
mmol) was dissolved m DMF (10 ml), iV^benzyl-iV^-ethylamine (0.086 g, 0.635 mmo]) was 
added and the mixture was cooled to 0' C. JV^[(m'-l,2,3-benzotriazol-l- 
yloxy)(dimethylammo)methylene]-i\r-memyhnethanaminiumtett^ (0.204 g, 
0.635 mmol) and iV-ethyl-iV^-diisopropylamine (0.157 g, 1.212 mmol) was added. The 
solution was stirred over night at room ten^erature. Water (100 ml) was added and the 
water phase was extracted with diethyl ether (3 X 20ml). The organic phase was washed 
with NaiCOa (3 X 20 ml, aq) and HCl (0.5 M, 2 X, 10 ml). The organic layer was dried 
(MgS04) aad the solvent was removed by evaporation. The crude was purified by flash 
chromatography (started with isocratic heptane/EtOAc 30/70 and then the EtOAc 
concentration was increased to 100%, (siHca gel 60 0.004-O063 mm). The product 
containing fractions were pooled and the solvent was removed by evaporation to give 
0.137 g of methyl 2-{[2-(4-{2-[benzyl(ethyl)aniino].2-oxoethoxy}phenyl)- 
ethyl]thio}ben2oate (yield 51.2%). 

d) Methyl 2-{[2-(4-{2-lben2yl(ediyl)anuno]-2-oxoethoxy}phenyl)ethyl]thio} 

(0. 137 g, 0.296 mmol) was dissolved in a mkture of acetonitrile/ water (1/1, 4 ml), lithium 
hydroxide (0014 g, 0.591 mmol) was added. The reaction was performed in an smgle node 
microwave oven (5 min, 150 deg). Work-up by removing the solvent by evaporation and 
addition of HCl (2 ml, 1 M). The wateiphase was extracted with two portions of EtOAc 
(20 ml), die organic phase was dried (MgS04) and the solvent was removed by evaporation 
and gave O.lllg of 2-{[2<4-{2-|>en2yl(ethyl)amino]-2-oxoethoxy}phenyl)ethyrI- 
thio}benzoic acid (yield 83.5%). 
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^HNMR (Rotamers, 400 MHz, CDCI3): 5 1.02-1.30 (bm, 3H), 2.95 (q, 2H), 3.15 (q, 2H), 
3.40 (m, 2H), 4.58 (s, 2H), 4.63-4.92 (bm. 4H), 6.85-7.0 (bm, 2H), 7.0-7.53 (m. lOH), 7.97 
(d,lH). 

Example 11 

a) i\^(4-/eAt-butylbenzyl)-iV'-ethylainme (0. 143 g, 0.746 mmol) was dissolved in dry 
acetonitrile under N2 and iV-ethyl-N^^-diisopropylamine (0.37 1 g, 2, 867 mmol) was added. 
The mixture was stirred for 30 min and methyl 2-{2-[4-(2-chloro-2- 
oxoethoxy)plienyl]ethoxy}ben2Date (0.200 g, 0.573 mmol) was added. The solution was 
stirred overnight at room temperature. The crude was purified by flash cromatography 
(started with isocratic heptane/EtOAc 50/50 and then the EtOAc concentration was 
increased to 100%, (silica gel 60 0.004-0.063 mm). The product containing fractions were 
pooled and the EtOAc was removed by evaporation to give 0.229 g of methyl 2-[2-(4-{2- 
[(4-^m-butylbenzyl)(ethyl)arninol-2-oxoethoxy }phenyl)ethoxy]benzoate (yield 79.3%). 

^HNMR (Rotamers, 500 IvdHz, CDCI3): S 1.07-1.23 (bm. 3H), 2.23 (m, 9H), 3.08 (m, 2H), 
3.30-3.5 (bm, 2H), 3.87 (s, 3H), 4.18 (m, 2H), 4.58 (d, 2H), 4.63-4.8 (m, 2H) 6.77-7,43 (m, 
llH),7.78(d, IH). 

b) Methyl 2-[2-(4- {2-[(4-^grr-butylben2yl)(ethyl)amino]-2-oxoethoxy)plienyl)- 
ethoxy]benzoate (0.2290 g, 0.455 mmDl)was dissolved in a nrixture of THF (freshly 
distilled)/ water (2/1, 3 ml), lithium-hydroxide (0.218 g, 0.909 mmol) was added. The 
reaction was performed in a single node microwave oven (5 min, 150 deg). THF was 
removed by evaporation Water was added (10ml) and the basic water phase was washed 
with diethyl ether (2 X 10 ml). Additton of HQ (2 nil, 1 M, pH 1). The water phase was 
extracted with two portions of DCM (20 ml), the organic phase was dried (MgS04) and 
the solvent was removed by evaporation to give 0.163 g of 2-[2-(4-{2-[(4-^er^- 
butyIbenzyl)(ethyl)amino]-2-oxoethoxy}phenyl)ethoxy]benzoic acid (yield 73.2%). 
^HNMR (Rotamers, 500 MHz, CDCfe): 5 1.07-1.21 (bm, 3H), 2.28 (m. 9H), 3.12 (m, 2H). 
3.28-3.5 (bm, 2H), 4.4 (m, 2H), 4.58 (d, 2H), 4.63-4.78 (m, 2H) 6.80-7.55 (m, IIH), 8.1 
(d, IH). 
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Examp ^p. 17. 



a) Acetic acid (1.32Ig, 22.000 nmiDl) was dissolved in DMF (10 ml), l-(4- 
fluoiophenyl)meflianamine (2.478 g. 19.800 mmol) was added and the mixture was cooled 
to 0° C. JV-[(lH-l,23-lxmotriazol-l-yloxyXdimethylamino)mefliylene]-JV- 
methylmethanaminium tetraflnoioborate (7.770 g, 24.200 mmol) and N-ethyl-N ^- 
diisopropylamine (5.971 g, 46.200 mmol) was added. Tbt solution was stirred for two 
hours at room temperature. EtOAc (20 ml) was added and the organic phase was washed 
with NazCOS (3 X 20 ml, aq) and HCl (0.5 M. 2 X, 10 ml). The organic layer was dried 
(MgS04) and the solvent was removed by evaporation. The crude was purified by 
preparative HPLC (started with isocratic acetonitrileA)ufFer 60/40 and then the acetonitrile 
concentration was increased to 100%, the buffer was a mixture of acetonitrfleMater 10/90 
and ammonium acetate (0. 1 M, column KR-100-7-C8, 50 mmX 250 mm, flow 40 
ml/min). The product containing fractions was pooled and the acetonitrile was removed by 
evaporation. EtOAc (10 ml) was added and the organic phase was washed with two 
portions of brine and di-ied (MgS04) and die solvent was removed by evaporation and 
gave 1.344 g of A^-(4-fluorobaizyl)acetamide (yield 36.5%). 

^HNMR (500 MHz, CDCI3): 5 1.98 (s, 3H), 4.35 (d, 2H), 6.25 (bs. IH). 6.95-7.25 (bm, 
4H) 

b) //-(4-Fluorobenzyl)acetamide (1.344 g, 8.039 mmol) was dissolved in THF (100 bqI) 
and was cooled to zero degrees under argon atmosphere. (Methylthio)methane compound 
withborane (1:1) (1.527 g, 20.098 mmol) was added and tiie mixture was refluxed 
overnight at RT. HQ (15 ml, 10%) was gently added and was stirred overnight. The 
solvent was removed by evaporation. Diethyl ether (20 ml) was added and the product was 
extracted to the water phase by K2CQ3 (3 X 15 ml). The water phase was acidried by HCl 
(10 nd, 10%) and the product was extracted to the organic phase by EtOAc (3 X 15 ml). 
The organic phase was dried (MgSOO and the solvent was removed by evaporation to give 
0.309 g of iV-(4-fluorobejizyl)ethanamine (yield 25.1%). 

^HNMR (400 MHz, CDCfe): 5 1.05 (t. 3H), 1.1 (s. IH). 2.58 (q, 2H), 3.64 (s. 2H). 6.9 (t, 
2H),7.2(t,2H). 
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c) i\r-(4-HuorobeiizyQethanamine (0.114 g, 0.745 mmDl) was dissolved indiy 
acetonitrile under N2 and iV^ethylWdiisopropylamke (0.371 g, 2.867 rmml) was added 
Hie mixture was stirred for 30 min and methyl 2-{2-[4-(2-cMoio-2-oxoetiioxy)phenyl]- 
ethoxy}ben2oate (0.200 g, 0.573 mmol) was. added. The solution was stirred overnight at 
room temperature. The crude was purified by flash chromatography (started with isocratic 
heptane^tOAc 50/50 and then the EtOAc concentration was mcfeased to 100%, (siHca gel 
60 0.004-0.063 mm). The product containing fractions were pooled and the BtOAc was 
removed by evaporation to give 0.223 g of methyl 2-[2-(4-{2-[ethyl(4- 
fluorobenzyl)amino]-2-oxoethoxy}phenyl)ethDxy]ben2oate (yield 83.5%). 
^HhJMR (Rotamers, 500 MHz, CDCI3): 5 1.07-1.23 (bm, 3H), 3M (m, 2H), 3.30-3.45 
(bm. 2H). 3.87 (s, 3H), 4. 18 (m, 2H). 4.58 (s, 2H), 4.63-4.8 (m, 2H) 6.77-7.45 (m. UH), 
7.78 (d,lH). 

d) Methyl 2-[2-(4-(2-[ethyl(4-fluorobeii2yl)amino]-2-oxoethoxy}pheny])ethoxy]- 
benzoate (0.223 g, 0.479 mmol) was dissolved in a mixture of THF (freshly distilled)/ 
water (2/1, 3 ml), Uthium hydroxide (0.229 g, 0.958 mmol) was added. The reaction was 
performed in a single node microwave oven (5 mm, 150 deg). THF was removed by 
evaporatioa Water was added (10ml) and the basic water phase was washed with diethyl 
ether (2 X 10 ml). Addition of HCl (2 ml, 1 M, pH 1). The water phase was extracted with 
two portions of DCM (20 ml), the organic phase was dried (MgS04) and the solvent was 
removed by evaporation to give 0. 196 g of 2-[2-(4-{2-[ethyl(4-fluorobenzyl)amino]-2- 
oxoethoxy}phenyl)ethoxy]ben2oic acid (yield 90.6%). 

'HNMR (Rotamers, 500 MHz, CDCI3): 5 1.03-1.21 (bm, 3H), 3.1 (m, 2H), 3.23-3.4 (bm, 
2H), 4.38 (m, 2H), 4.55 (s, 2H), 4.63-4.78 (m, 2H). 6.75-7.22 (m, lOH), 7.47 (t, IH), 8.07 
(d, IH). 

Example 13 

a) Tcrt-butyl (4-{2-[(methylsu]fonyl)oxy]ethyl}phenoxy)acetate (5.454 g, 17.347 mmol) 
was dissolved in acetonitrile (100 ml), methyl 2-m^ptoben2oate (3.502 g, 20.816 mmol) 
and dipotassium carbonate (4.795 g, 34.694 mwT) was added. The solution was stirred for 
10 hours at 60 'C. BtOAc (40 xrS) was added and the organic phase was washed with two 
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portions of Brine (2 X 40 ml, aq). The organic layer was dried (MgS04) and the solvent 
was removed by evaporation to give 6.931 g crude of methyl 2-({2-[4-(2-fm-butoxy-2- 
oxoethoxy)phenyl]etiiyl}thio)benzoate. The crude was used in the next step without furthei- 
purification. 

b) Methyl 2-({2-[4-(2-^er/-butoxy-2-oxoethoxy)phenyl]ethyl}thiD)benzoate (4.630 g, 

1 1.502 mmol) was take up in DCM (50 ml) and treated with trifluoroacetic acid (44.40 g, 
389.405 mmol) at r.t for 4h. The mixture was evaporated and azeotroped with toluene. The 
crude was purified by preparative HPLC (started with isocratic acetonitrUe^uffe^ 60/40 
and then the acetonitrile concentration was increased to 100%, the buffer was a mixture of 
acetonitrile/water 10/90 and ammonium acetate (0. 1 M, column KR-100-7-C8, 50 nmX 
250 mm, flow 40 ml/min). The product containing fractions were pooled and the 
acetonitrile was removed by evaporation. EtOAc (10 ml) was added and the organic phase 
was washed with two portions of brine and dried (MgS04). The solvent was removed by 
evaporation to give 3.825 g of [4-(2-{[2-(methoxyca^bonyl)phenyl]thio}ethyl)phenoxy]- 
acetic acid (yield for two steps 63.9% overall). 

'HNMR (500 MHz, CDCI3): 5 2.82 (t, 2H), 3.15 (t, 2H), 3.82 (s, 3H), 4,35 (s, 2H), 6.78 (d, 
2H), 7.18 (d, 2H), 7.23 (t, IH), 7.51 (d, IH), 7,55 (t, IH), 7.85 (d, IH). 

c) [4-(2-{[2-(MetbDxycarbonyl)phenyl] thio }etliyl)phenoxy]acetic acid (0.250 g, 0.722 
mmol) was dissolved in DCM (10 ml), i\r-(2-fluoioben2yl)ethanamine (0.105 g, 0.686 
mmol) was added. iV'-[(lH-l,2,3-benz»triazol-l-yloxy)(dimethylamin 
methyhnethanaminium tetrafluoroborate (0.255 g, 0.0.794 mmol) and iV-ethyl-AT ^- 
diisopropykmine (0. 187 g, 1.443 mmol) were added. The solution was stirred for 2 hours 
at room ten5)erature. The crude was purified by flash chromatography (started with 
isocratic DCM 100% and then the MeOH concentration was mcreased from 0.5% to 20%, 
(silica gel 60 0.004-0.063 mm). The product contaming fractions were pooled and the 
EtOAc was removed by evaporatioiL The substance needed to be purified once more and it 
was purified by preparative HPLC (started with isocratic acetonitiile/buffer 60/40 and then 
the acetonitrile concentratbn was iucreased to 100%, the buffer was a mixture of 
acetonitrile/water 10/90 and ammonium acetate (01 M, column KR-100-7-C8, 50 mmX 
250 mm, flow 40 ml/min). The product contaming firactions were jiooled and the 
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acetonitrile was removed by evaporation. The ammoniura acetate was removed by freeze 
drying the product overnight to give 0. 1 g of methyl 2-{ [2-(4-{2-[ethyl(2- 
fluorobenzyl)amino]-2-oxoefhDxy)phenyI)ethyI|thio}ben2oate (yield 29. 1%). 
*HNMR (Rotamers. 500 MHz, CDCI3): 5 1.03-1.23 (bm. 3H), 2.95 (q, 2H), 3.15 (q, 2H). 
3.40 (m, 2H). 3.9 (s, 3H), 4.6-4.8 (hm. 4H), 6.75-6.95 (m, 2H), 6.97-7.5 (m, 9H), 7.97 (d, 
IH). 

d) Methyl 2-{[2-(4-{2-[ethyl(2-fluorobeiEyl)amino]-2-oxoethoay}plenyl)efhyl]fhio}- 
benzoate was dissolved in a mixture of THF (freshly distiDed)/ water (2/1, 3 ml), Lithiuim 
hydroxide (0.015 g, 0.629 mmol) was added. The reaction was performed m a single node 
microwave oven (5 min, 150 deg). THF was removed by evaporation. Water was added 
(10ml) and the basic water phase was washed with diethyl ether (2 X 10 ml). Addition of 
HCl (2 ml, 1 M, pH 1). The water phase was extracted with two portions of DCM (20 ml), 
the organic phase was dried (MgS04) and the solvent was removed by evaporation to give 
0.095 g of 2-{[2-(4-{2-[ethyl(2-fluorobenzyl)amino]-2-oxoethoxy}phenyl)ethyg- 
fliio }benzoic acid (yield 96.9%) 

'HNMR (Rotamers, 400 MHz, CDCls): 5 1.02-1.25 (bm, 3H), 2.95 (q, 2H), 3.15 (q, 2H), 
3.42 (m, 2H), 4.60-4.80 (bm, 4H), 6.75-6.95 (m. 2H), 6.95-7.5 (m, 9H), 8.1 (d, IH). 

Example 14 

a) Tert-butyl (4-{2-[(methylsulft)nyl)oxy]ethyl}phenoxy)acetate (5.454 g, 17.347 mmol) 
was dissolved in acetonitrile (100 ml), methyl 2.merc^tobenzoate (3.502 g, 20.816 mmol) 
and dqwtassium carbonate (4.795 g, 34.694 mmol) was added. The solution was stirred for 
10 hours at 60 "C. EtOAc (40 ml) was added and the organic phase was washed with two 
portions of brine (2 X 40 ml, aq). The organic layer was dried (MgS04) and the solvent 
was removed by evaporation to give 6.931 g crude of methyl 2-({2-[4-(2-fert-butoxy-2- 
oxoethoxy)phenyIIethyl}thio)benzoate. Tbt crude was used in the next step without furto- 
purification. 

b) Methyl 2-({2-[4-(2-tert-butoxy-2-oxoethDxy)phenyl]etlqrl}thio)ben2oate (4.630 g, 
11.502 mmo^ was take up in DCM (50 mi) and treated wifli trifluoroacetic acid (44.40 g. 
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389.405 mmol) at r.t for 4h. The mixture was evaporated and azeotroped with toluene. The 
crude was purified by preparative HPLC (started with isocratic acetordtrile/bufifer 60/40 
and then the acetonitrile concentration was increased to 100%, the buffer was a mixture of 
acetonitrile/water 10^0 and ammonium acetate (0.1 M, column KR-100-7-C8, 50 mmX 
250 mm, flow 40 ml/mia). The product containing fractions were pooled and the 
acetonitrile was removed by evaporation. EtOAc (10 rcil) was added and the organic phase 
was washed with two portions of brine and dried (MgS04). The solvent was removed by 
evaporation to give 3.825 g of [4-(2-{[2-(methoxycarbonyl)plienyl]flrio}ethyl)- 
phenoxy]acetic acid (yield for two steps 63.9% overall). 

^HNMR (500 MHz, CDCI3): 5 2.82 (t, 2H), 3, 15 (t, 2H), 3.82 (s, 3H), 4.35 (s, 6.78 (d, 
2H). 7.18 (d, 2H), 7.23 (t, IH), 7.51 (d, IH), 7.55 (t, IH), 7.85 (d, IH). 



c) [4-(2- { [2-(niethoxycarbonyl)phenyl] thio }ethyl)phenoxy] acetic acid (0.250 g, 0.722 
romol) was dissolved m DCM (10 ml) and iV-(2-chlorobeDzyl)-A^-ethylamine (0. 1 16 g, 
0.686 mmol) was added. i\^-[(l^-l,2,3-Benzotriazol-l-yloxy)(dimethylamdno)metliylene]- 
iV-methylmethanamioiumtetrafluoroborate (0.255 g, 0.0.794 mmol) andiV-ethyl-iV,2V- 
diisopropylamiae (0. 187 g, 1.443 mmol) were added. The solution was stirred for 2 hours 
at room temperature. The crude was purified by flash chromatography (started with 
isocratic DCM 100% and then the MeOH concentration was increased jfirom 0.5% to 20%, 
(silica gel 60 0.004-0.063 mm). The product containing fractions were pooled and the 
EtOAc was removed by evaporation. The substance needed to be purified once more and it 
was purified by pr^arative HPLC (started with isocaratic acetonitrile/buffer 60/40 and then 
the acetonitrile concentration was increased to 100%, the buffer was a nnxture of 
acetonitrile/water 10/90 and ammonium acetate (0.1 M, column KR-100-7-C8, 50 mmX 
250 mm, flow 40 ml/inin). The product containing fractions were pooled and the 
acetonitrile was removed by evaporation. The anamonium acetate was removed by freeze 
drying the product overnight to give 0. 11 1 g of methyl 2-{[2-(4-{2-[(2- 
cUorobenzyl)(ethyl)amino]-2-oxoethoxy}phenyI)ethyrithio}beiizoate (yield 30.9%). 
^HNMR (Rotamers, 500 MHz, CDCfe): 5 1.10-1.25 (bm, 3H). 2.95 (m, 2H), 3.15 (m, 2H), 
3.40 (m, 2H), 3.9 (s, 3H), 4.6-4.8 (hm, 4H), 6.75-6.95 (m, 2H), 7.02-7.5 (m, 9H), 7.95 (d, 
IH). 
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d) Methyl 2-{[2-(4-{2-[(2-cMorobeii2yl)(ethyl)aiimo]"2-oxoeti^^ }- 
benzoate was dissolved in a mixture of THF (freshly distilled)/ water (2/1, 3 ml), Lithiuim 
hydroxide (0.015 g, 0.629 imnol) was added. The reaction was performed in a single node 
microwave oven (5 min, 150 deg). THF was removed by evaporatioa Water was added 
(10xx]l) and the basic water phase was washed with diethyl ether (2 X 10 ml). Addition of 
HCl (2 nil, 1 M, pH 1). The water phase was extracted with two portions of DCM (20 ml). 
The organic phase was dried (MgS04) and the solvent was removed by evaporation to give 
0.103 g of 2-{[2<4-{2-[(2-chbroben2yl)(ethyl)ainino]-2-oxoethDxy}phenyl)ethyl]thto 
benzoic acid (yield 95.5%) 

^HNMR (Rotamers, 400 MHz, CDCI3): 5 1.07-1.25 (bm, 3H), 2.95 (m, 2H), 3.15 (m, 2H), 
3.42 (m, 2H), 4.62-4.85 (bm, 4H), 6.75-6.95 (m, 2H), 7.02-7.5 (m, 9H), 8.1 (d, IH). 

Biological activity 
Fbrmulations 

Con5)Otinds were dissolved inDMSO to obtain 16 mM stock solutions. Before assays, 
stock solutions were further diluted in DMSO and culture media. 

GENERAL CHEMICALS AND REAGENTS 

Luciferase assay reagent was purchased from Packard, USA. Restriction Enzymes were 
from Boehringer and Vent polymerase from New England Biolabs. 

CELL LINES AND CELL CULTURE CONDITIONS 

U2-0S, (Osteogenic sarcoma, Human) was purchased from ATCC, USA. Cells were 
e;5)aaded and refrozen in batches from passage nuniber six. Cells were cultured in 
Dulbecco's modified Eagle medium (DMBM) with 25 nM glucose, 2 mM glutamine or 4 
mM L-alanyl-L-glutamine,10% fetal calf serum, at 5% CO2. Phosphate buffered saline 
(PBS) without addition of calcium or magnesium was used. All cell culture reagaits were 
from Gibco (USA) and 96-well cell culture plates were purchased from Wallach. 
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PLASMID CONSTRUCTS FOR HBTBROLOGOUS EXPRESSION 

Standard recombinant DNA techniques were carried out as described by Ausubel (7). The 
Luciferase reporter vector, pGLSUAS (clone consists of five copies of the GAL4 DNA 
binding sequence, 5'-CGACGGAGTACTGTCCTCCGAGCT-3; cloned into the 
Sacl/Xhol sites of pGL3-Proinoter (Promega). The Sacl/Xhol fragment canying the UAS 
sites was constructed using annealed overlapping oligonucleotides. 

Egression vectors used are based upon pSG5 (Stratagene). All vectors contain an 
EcoRI/Nhel fragment encoding the DNA binding domain of GAL4 (encoding amino atid 
positions 1-145 of database accession number P04386) followed by an in-frame fusion to a 
fragment encoding the nuclear localisation sequence from T antigen of Polyoma Virus. 
The nuclear localisation sequence was constructed using annealed overlapping 
oligonucleotides creating NheMCpnl sticky ends 

(5'-CTAGCGCTCCTAGAAGAAACGCAAGGTTGGTAC-3'). The ligand binding 
domains from human and mouse PP ARa and human and mouse PPARy were PGR 
an5)lified as IQpnl/BamHI fragments and cloned in frame to the GAL4 DNA binding 
domain and the nuclear localisation sequence. The sequence of all plasmid constructs used 
were confirmed by sequencing. 

The following expression vectors were used for transient transfections: 



vector 


encoded PPAR subtype 


sequence reference^ 


pSGGAUiPPa 


human PPARa 


S74349.nt 625-1530 


pSGGALniPPa 


murine PPARa 


X57638,nt 668-1573 


pSGGALhPPg 


human PPARy 


U63415,nt 613-1518 


pSGGALmPPg 


murine PPARy 


U09138, nt 652-1577 



wo 2004/000294 



48 



PCT/GB2003/002591 



^ refers to nucleotide positions of data tase entry used to express the ligand binding 
domain.. 

TRANSIENT TRANSEECTIONS 

Frozen stocks of cells from passage nuniber six were thawed and expanded to passage 
number eight before transfections. Confluent cells were trypsinised, washed and pelleted 
by centrifugation at 270xg for 2 minutes. The cell pellet was resuspended in cold PBS to a 
cell concentration of about 18 x 10' cells/mL Aftra- addition of DNA, the ceR suspension 
was incubated on ice for approximately 5 minutes before electroporation at 230 V, 960 
in Biorad' s Gene Pulser™ in 0.5 ml batches. A total of 50 ptg DNA was added to each 
batch of 0.5 ml cells, including 2.5 ng e3q)ression vector, 25 lig reporter vector and 22.5 iig 
vinspecific DNA (pBluescript, Stratagene). 

After electroporation, cells were diluted to a concentration of 320'000 cells/ml in DMEM 
without phenol red, and approximately 25'000 cells/well were seeded in 96-wen plates. In 
order to allow cells to recover, seeded plates were incubated at 3TC for 3-4 hours.before 
addition of test con5)oimds. hi assays for PPARo. the cell medium was supplemented with 
resin-charcoal stripped fetal calf serum (PCS) in ord^ to avoid background activation by 
fatty acid con^onents of the PCS. The resia-charcoal striped PCS was produced as 
follows; for 500 ni of heat-inactivated PCS, 10 g charcoal and 25 g Bio-Rad Analytical 
Grade Anion Exchange Resin 200-400 mesh were added, and the solution was kept on a 
magnetic stirrer at room temperature over night The folio wmg day, the PCS was 
centrifuged and the stripping procedure was repeated for 4-6 hours. After the second 
treatment, the PCS was ceutrifiiged and filter sterilised ia order to remove rramants of 
charcoal and resin 
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ASSAY PROCEDURE 

Stock solutions of cou^jounds in DMSO were diluted in appropriate concentration ranges 
in master plates. From master plates, compounds were diluted in culture roedia to obtain 
test compound solutions for final doses. 

After adjustment of the amount of ceU medium to 75 fil in each well, 50 fil test compound 
solution was added. Transiently transfected cells were ejqjosed to confounds for about 24 
hours before the luciferase detection assay was performed. For luciferase assays, 100 ill of 
assay reagent was added manually to each weU and plates were left for appioxunately 20 
minutes m order to allow lysis of the cells. After lysis, luciferase activity was measured in 
a 1420 Multiwell counter, Victor, from Wallach. 

Reference conqjounds 

Ihe TZD pioglitazone was used as ref^ence substance for activation of both human and 
murine PPARy. 5,8,1 1,14-Eicosatetrayonic acid (ETYA) was used as reference substance 
for human PPARoc 

Calculations and analysis 

For calculation of BC50 values, a concentration-effect curve was established. Values used 
were derived from the average of two or three independent naeasurements (after subtraction 
of die background average value) and were expressed as the percentage of the mayim;^! 
activation obtained by the reference con^jound. Values were plotted against the logarithm 
of the test compound concentratbn EC50 values were estimated by linear intercalation 
between the data points and calculating the concentration required to achieve 50% of the 
maximal activation obtained by the reference compound. 



The compounds of ft)rmula I have an EC50 of less than 50jxtnDW for PPARa and prefeired 
conqpounds have an BC50 of less than SfxmolA For example the EC50S of some of the 
Exan?)les for human PPAR alpha are: 
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Example 3 0A99ixiwVl\ and 
Example 5 0.048 ixmoVl 



